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PREFACE

The dielectric constant and loss data presented in this report were

measured at the Laboratory for Insulation Research of the Massachusetts

Institute of Technology, Cambridge, Massachusetts, by W. B. Westphal. This

work was performed between I July 1974 and 31 December 1976 under Contract

F33615-75-C-5020, Project No. 7371, Task No. 73710126, for the Air Force

Materials Laboratory.

AA technical report dated December 1975 presents data on materials

measured in the early part of this contract. This final report includes data

measured through December 31, 1976. The index following the data section

refers to early data reports and uses the prefix 9- for pages of the present

report. The data section does not generally include measuremente on research

samples under development by or for the Air Force Materials Laboratory.

This report was submitted by the author for publication in harch 1977.

The work was administered under direction of the AF Materials

Laboratory, with Mr. John C. Olson (AFML/LPJ) acting as project eagineer.

ACC. ESSION for
IS W h i t t s~ e c ti l a v ~

1111ANONC)/IE, 13 D D C

. ... .. ................ N V 4 1 7
GI~II8TWf/A~ra~I~r COEZNOV 4 1977

61 UIO AVAILARLT COD~ESIL

'it
.4,i



TABLE OF CONTENTS
Page

MEASUREMENT TECHNIQUES 1

EQUIPMENT CHANGES 2

FUTURE WORK 3

PROGRAMMING 3

DATA INDEX 21

DIELECTRIC PARAMETERS 23

MATERIALS DATA 24

MATERIALS AND COMPANY INDEX 45

A ,

;&

v0- 1b j



MEASUREMENT TECHNIQUES

The basic measurement techniques using bridges, reentrant cavities,

standing waves, and dielectric-filled cavities have been discussed in previous

reports. During the present contract period we have used new measurement

techniques as follows:

1. The use of large (> 1-inch diam.) silver-coated cylindrical specimens

contained in copper sheath immersed in an oil bath instead of an air oven.

Uniform temperature makes possible resolution to better than 0.01% for determi-

nation of temperature coefficient of dielectric constant. The absolute

accuracy is limited to about 0.1% by uncertainties in the iris correction.

Examples of these measurements are shown on pages 12 and 19 of AFML-TR-74-

250, Pt. II.

2. The use of a thin coax washer in the center of a dielectric-filled

coax sandwich cavity. In the data reported herein for Corning Glasses 7052

and 7056, two coaxial cape of Dynasil 4000 completed the symmetrical package.

Losses were measureable through the softening point, but dielectric constant

calculations had not been developed at the time of these runs.

3. The use of a thin (< l-tm) disk sample to extend the loss range for

TE cavities. The data on Niberlox in the present report was obtained with this

arrangement.

Tech. Rep. 182, Lab. In. Ran., Contract AF33(616)-8353, October 1963; Tech.
Rep. 201, Lab. Ins. Res., Contract AF33(616)-8353, October 1966H AFML-TR-66-
28, Lab. ne. Rea., Contract AF33(615)-2199, January 1966; AF ML-TR-70-138,
Lab. Ina. Res., Contract F33615-67C-1612, July 1970. AFML-TR-71-66, Lab.
Ins. Rea., Contract F33615-70C-1220, April 1971; AMML-TR-74-250, Part II,
Lab. Ins. Res., Contract F33615-7-C-1274, December 1975.

A.1



4. The use of sandwich cavities with thick samples to increase the loss

rr-ige. For the sample of AS-3DX-176 of woven silica fibers, the usual pressure

welding technique for forming the platinum cavity was nct advisable. Instead

end caps of Dynasil 4000 were added and the welding done at 10000C in a drill

press instead of the usual hydraulic pressing at 8000C.

5. The use of higher order modes in dielectric-filled cavities to reduce

the necessity for very small samples and high wall losses at high frequencies.

The nynasil 4000 measurements at 8.5 GHz with one-inch diameter sample (Pt foil)

and at 35 GHz with a 0.4" diam. sample (Pt6-Rh.4 foil) used TE 113 or higher

order modes. The length, diameter, and mode are chosen to avoid other resonances

within 10% frequency range. This scheme is feasible only with homogeneous

isotropic materials.

EQUIPMENT CHANGES

(provided by another contract)

An internal doubler for our Hewlett-Packard Model 8640B signal generator

extends the range to 1024 MHz. Commercial crystal controlled multiplier chains

have been purchased:

Fr equency PoweroUtput

1.686 100 mW

2.45 1 W

3 200 mW

8,515 20 MW

13.6117 315 W

A tripler for the 13.6 GHZ unit provides 150 mW output at 40.8 is.

Beginning in 197.4 no funds are available for equipment purchas.. frou the

pruent arc. es

.:,



FUTURE WORK

Construction of standing-wave equipment for 40 GHz is planned. The

sample diameter will be 7/32" nominal. The probe carriage, standing-wave and

input plunger section will be water-cooled. Operation to 1500°C should be

practical on materials which become at least moderately lossy (tan ' > .002)

0at 1200 C. The empty holder loss measurements will include the effects of

ionized gases, which have not yet been evaluated.

PROGRAMMING

Program 1 allows us to scan the possibilities for resonance with dielec-

tric-filled cavities using a specified dielectric constant (KI), diameter (D),

frequency in GHz (FGHZ), resistivity of the walls relative to copper (RESRA).

For each combination of D and K1 the required length (LENGTH) in cm and the

wall loss (1/Q for a no-lose dielectric) is calculated.

An integer variable (X) is used to specify the cross section mode according

to the following tabulation:

Value of X Mode Value of X Mode

1 TEll 13 TM21

2 21 14 02

3 01 15 31

4 31 101 TMOI0 L - 0.1 cm

5 41 102 " L - 3 cm

6 12 103 " L - 1 cm

7 51 104 " L - 3 cm

11 TM01

12 11

A second integer variable (N) determines the length mode, except for the THOlO

mode where four values of lUngth are given in the program.

Program 2 is used for symetrical sandwich cavities with TE modes. The

3



thickness of the end disks must be calculated to achieve resonance at the

desired frequency. Also, the dilution effect on losses should be calculated

so the proper ratio of sample loss to overall loss can be chosen. In Program 2

only the lengths for resonance are calculated; this program will be later expanded

to compute overall loss. In the present printout the following are listed:

F Frequency for resonance in GHz

K Dielectric constant of end cap material

TANI Loss tangent

K2 Sample dielectric constant

TAN2 Loss tangent of sample

D2 Thickness of sample in cm

Dl Thickness of each end cap for resonance

DIA Thickness of end cap to form a cavity
one wavelength longer

Program 3 is used to compute the properties of the sample when a coaxial

wavemeter iG used to measure wavelength (U.rM - WL*2) and width of resonance

(DELWL). The program uses iteration to refine initial approximate values of K2

and TAN2 to final values calculated with an accuracy of better than one part in

a million.

Program 4 computes the dielectric constant and loss of the sample not

centered in a coaxial cavity having wall losses determined by measurement of

empty cavity. This is especially useful for measuring low-lose materials to about

1 microradian in the 150 to 500 Mhz region.

Program 5 is a modified version of Program 2 of Ref. 6. This is used for

calculating the attenuation and phase shift of each layer of a multilayer radome

(to 10 layers) with perpendicular incidence and now includes calculation of the

overall insertion loss.

Each program is %ritten for FORTRAN G and is listed in the Appendix to this

section.

~'C. C 4



Program 1. Resonant Modes and Losses in Dielectric-Filled Cavities

;XFORTRAN It G1 HELIS 2.0 DATE 77011 11/26/27

0001 INTEGER*4 I*!IJ9X9LiN9X$N0#NN*NK9N~sM
0002 REAL*8 WLFGHZA,~PI PT2,DC,,~,YBLENGTHLEINPND8,TAWW*

2SKIND9RESRA#DIA*0NE9TW0,XN#R
0003 DIMENSION DATE(39)9K11I0)9A(20),D(4)9Nf5)
0004 NAMELIST/IN/X ,0,NK1 NXND9dKtN9FGH.ILRESRA/0UT/FGHZRESRhSKIIO
6005 200 FORMAT(1X939A2)
0006 201 FORMAT(1M09I0Xq39A2t/)
0007 100 F0RMAT(2X$2XQ1I.X2XdlHNJA,8NDTA., '.44X3HI/0#8X*9MLEN4GTH CM,

2SX911HLENGTH ZNCH94X*IHK)
0008 101 FORP4AT( lX, 4,1X,12,lXtVQ.4,1X*F12.9,1A,

0009 77 READ(5s2009 EN4D=88) DATE
0010 WRITE(6,20i) DATE
0011 READ(59IN)
0012 WRITE(6#100
0013 P1123.141592653600
0014 P1I2x2.00*011
0015 ONEmI.O0
0016 TWO=2.DO
0017 WLx'.997924S6201/FGHZ
118 SKINO=ONE/cPII?oOSORTcFGrZoS.73DS.OV4L/RESRA))

001q 14u0
0020 00 10 I21*,qx
0021 IF(X(l).EQ.l) GO TO 21

T,0022 IF(X(1).tQ.?) GO TO 31
00.2 3 IF(X(I).L0.3) ryO TO 41
0024 IF(XiU.EO.4) GO TO 51
0025 IF(X(I).EO.5) GO TO S1
0026 IF(X(1),E0.6) GO TO 71
0027 IF(XII).EQ.7) AO TO 81
0020 IF(X(i~j.II.1 G0 TO 121
0029 IF(Y1.EQ.12) GO TO 1??
0030 IFtX~I).EO.)31 GO TO 123r0031 IFWIH.0,14 GO TO 124
0032 IF(t1.EQ.I5) GO TO 12S
0033 IF(X(I).EO.101) GO TO 301
0034 1f(X(I',.EQ. 121 00 TO 30~?

0035 IF(X(IlEO*03) GO TO 303
0036 1~tX1)EQ10'.) GO TO 304
0037 10 CONTINUE
003A WRITE(6*OUT)
0039 GO TO 7?
0040 ?1 YaI.64118400
0041 XNwONE
0042 GO TO 80
0043 31 Yw3,,05423fl0
0044 4XJuTVO
0045 G0 TO AO
0046 41 Y03.8317064~0
0047 900
0046 60 TO 80
0049 S1 vu4..201189o
0050 XNM4'.00
0051 GO TO 80
0052 61 YeS,317ss300
00,33 N4
0058 60 TO so
0055 ?I YuS.33144300

0056 XN.Ol-dE N

0059 11,615.0
0060 G0O s



* Program 1 (cont.)

0061 121 Yz2.40482600
0062 GO TO q1
0063 122 Va8.83170600
0064 00 TO 91
0065 123 YBS.13562Z00OO
0066 GO TO 91 1td~ '' i~ r~ ~
0067 124 Y=S.520078DO BE T Ayi--i.1 4,J

0068 GO TO 91
0069 125 YU6.38016200
0070 G0 TO 91
0071 301 LENGTH=0.iA0
0072 GO TO 8?
0073 302 LENOGTH=0.3n0

* 0074 G~O TO 8?
0075 303 LENGrM=l.Oo
0076 6O TO 8?
0077 304 LENGTH=3.Dl
0078 GO TO 82
0079 80 DO le '=1.Nt)
0080 AY(~*()
0081 00 1,6 IV--1,NK
0002 CK(1/L*
0083 bCA4
0084 608'EI~-)G TO 16

0005 N(MuN (L)
0087 LENGTHmo-SD0OND8/OS0QTf8)
0088 LEIN*LENGTH4/2.54O
0089 P-INOOOPII/TWO
0090 C()LNT
0091 T1NLSI0,L0I2

0092 DOtAK)
0093 vQtTEi6.Io0) X'~t4~rltiNOC~r*ENK~
0094 14~ CONT NUr
0095 16 CONTIN4UE
009 12 CONTINUE
0097 GO To In
0099 91 00 11 Km1.'K
0099 AuY/CP!I*Dtkfl
O10t) 00 11 IaI,NK
0101 CX(1/L0
0102 0*C-Ao*?
0103 IF(8.LE.1i,;)) 60 TO 17

0104 DO 13 L-1*1N
010! NORVN'L)
0106 LFNGY0S0Nfl86/S.QP~tA
0107 LEIN-LENGT4/2.54D0
0100 pwhobot~p1i/Tvo
0109 S K LNT
0110 TANW%-ISKIN40/09L).P112.(O.E.)OSQRT(Ye924IP.R).* )
0111 OrAVO(K)
0112 vP112(6sloji Ai),N(L).01AetA~sw.LENOYH.9LE14.Kl(!1)
0113 13 C04.TINUE
0114 17 CONT IRUE
OM1 It CONJTINUE

Ollf, O TO 10
0117 a 1 V02.406200
Oil@ L I~NSLENGtN/2 54#00

MO2 0IAxdL*Y/$0II.0)S!QRT4Kj 111) )I
0121 PSOWALMN

0123 WRTf611

0124 IA CON~TINUEf
0125 60 10 10
0126 6 CALL EXIT

-Fk 0127 !%



Program 1 (cont.) L

Print-Out of the Program

8o5GHZ T1111 TO T 513,TM011 TO Tm313,Tf1f10*4L K-3.82,2.88

I R DIL., CR 1/0 LZNGTH CH LENGTH INCH K
1 2.5400 0.000070775 0.9897 1.38975 3.92200
1 2 2.5400 1.000039qSA 1.97993 A.77950 3.82200
1 3 2.5400 0.000029725 2.96990 1.16925 3.82200
1 1 2.5400 0.0O0'69444 1.18147 0.46515 2.88000
1 2 2.5400 0.000041754 2.36294 6.93129 2.8800"
1 3 2.5400 0.000032525 3.54441 1.39544 2.880P0
1 1 1.2700 0.000087618 1.61900 1.63740 3.92200
1 2 1.2700 0.000080639 3.23800 1.2748M 3.82700
1 3 1.2700 0.000078293 4.85701 1.91221 3.82200
1 1 1.2700 0.000114491 3.59133 1.41391 2.88000
1 2 1.2700 0.000113505 7.18266 2.82782 2.88010
1 3 1.2700 0.000113177 10.77398 4.24173 2.88P00
2 1 2.5400 0.000057830 1.24291 0.f48933 3.82200
2 2 2.5400 0.000042273 2.48581 0.97867 3.42200
2 3 2.5400 0,000037087 3.72872 1.46800 3.2200
2 1 2.5400 0.000069218 1.70660 0.67189 2o88C0I
2 2 2.5400 0.000050030 3.41319 1.34378 2.88"e0
2 3 2.5400 0.000046968 5.11979 2.01566 2.8800"
3 1 2.5400 0.000033532 1.79311 0.70595 3.8220A
3 2 2.5400 0.000028351 3.58623 1.41190 3.82290
3 3 2.5400 0.000026624 5.37934 2.11785 3.82223
4 1 2o5400 0.000297386 2.83332 1.11548 3.82200
4 2 2.5400 0.000296073 5.66664 2.230q6 3.82200
4 3 2.5400 0.000295635 8.49996 3.34644 3.u220
5 1 2.5400 0,00t297386 2.83332 I.11548 3.82200
S 2 2.5400 0.000296073 5.66664 2.23096 3.822(n
5 3 2.5400 0.000295635 8.49996 3.34644 3.82200
il 1 2.5400 0.000097132 1.07209 0.42208 3.82210
11 2 2.5400 0.000063370 2.14419 1,84417 3.82200
11 3 2.5400 0.000051916 3.21628 1.26625 1.8220(
11 1 2.5400 0.000097276 1.32914 1.52328 2.88000
11 2 2.5400 0.000065346 2.65828 1.04657 2.88000
11 3 2.5400 0.000054703 3.98741 1.56985 2.88P00

gg 101 0 1.1786 0.000421843 0.10000 0.03937 3,82200
101 0 1.5881 0.000477836 0.10000 0.03937 2.88000
102 0 1,3786 0.000176246 0.30000 0.11811 3.82200
102 0 1.5881 0.000194910 0.30000 0.11I11 2.88000
103 0 1.3786 0.000090286 1.00000 A.314370 3.82?00
'03 0 1.5881 0.000095886 1.00000 0.39370 2.88000
104 0 '.3786 0.000065727 3.01000 1.18110 3.82200
104 0 1.5881 0.000067S93 3.00000 1.18110 2.8800

600T
FGHZu 8.51499999999999990 ,PoS3a 1.00000000000000000

SIU - .7202132291136459940-04
&ND

1 1110,11



Program 2. Resonant Lengths of Three-Laver Symmetrical TE Cavities

0001 INTEGER *2 I*J*KN*KOUNY
0002 PEAL*8 PIONEWLCFRsFGtK2tK2GKhK(3o02,02G,01GgTANI.TANIGD1.

2TAW ,9TAN2GOIAWLUB1 ,TI ,8?.T2?,lRI RO~~EO~DILvDB,
2S'~AP(14)/i .0-1,1 .0-?,3.0-3, 1.0-393.0-4.1.0-4,3.0-5,1 .D-5t3.D-6,
i.l.-63.U-7,.D-73D-i.D*-8/,F(1/l,0O,-l.0O/,DIAtPI12

0003 DIAEUiSION DATE(39).FG(8),K1G(8),K2C,(8),TAN1G(8),TAN2G(8hfl2G(8)
0004~ NAMELIST/!N/FGK1GK2GTAN1GTAN2G,02GDXAN/OUT/WLvU,81 ,T1.

?EB2TZR,,E0P0R/OUTI/D1 ,T1,RlRERROR

0005 200 MPHAT(1xs*%' i )
0006 201 F0PATl1M0*?lX%39A,.')
OU07 100) YOfPA(,itHF,7X,2H,6X2K27X4HTAN16X4TAN27X2HD2?X2H1,

0008 101 F2iRMAT(l1oJ7.3,1Xt :7.3,1~,F?.3,l~,F9.5,1XF9g.5,,84,1XF8.4*

0009 77 READC5*200,END=9R) DATE

001: REAO(5,1N)
001d. WRITE(69100)
0013 P1123.141592653600

0015 ONE*1.00
0016 WLCzl.70629300*DIA

0018 FP=FG(I)
0019 KuIK2G(l)
0020 K1=KIGCI)
0021 02u2G2(I)
0022 TANINTANIG(l)
0023 TAN22TIN2GIj)
0024 WL=2.99792456201/FP
0025 U~iWL/WLC)#*2
0026 B1:PX12*0S0RTU(K-U)*(NE0SQRT(0NE.(TANI/(ONE*U/K1))OO2), 0)

2/Wl(
0027 8PI2*OST((K-U)*(0NESQT(NE(TAN2/(NEUK))*2))/2.DO)

2/WL

0028 T2uDTAN(82*02)
0029 A*ONE/T2*US0RT( (0NE/T2)*6e*0NE)
0030 TI*P*DSDRT(Kl/K2)
0031 01GxOAYAN(T1)
0032 016t016/B1
0033 Q1.T1*USURT(K2/(1)
0034 Q&2*00/(R1-0NE/Q1)
0035 EkQORcUAdScr2-R)
0036 00 400 X01914
0037 DO b~ J1,
0038 '*20 WEu0NESTEP(K).#FJ)
0039 xOUNTm0
O0uO *0 1 KOUNTmKUUNT,1
0041 lFtKJINTaGT.S0! 00 TO 44
000~ EPOLD*ERIR0Q

0044 01UD1*WE
0045 IF(0I.LT.1.0-4) 00 TO 44.9

*0046 T~uoTANc61#01
0 041 AlvTl*DSQPTI1(2iIK1I

*0048 Rw2.DOR(mO?4U5I1)
* 0049 EP0OOAASTM0

050 1 F ERP00ELF MQIL.D) G0 TO 401

* 8 &5iMMCOPY



Program 2 (cor.t,)

(0051 0=1CO
0052 EPROR=ERLn
0053 600 CONTINUE
0054 IFiEHPOP.LF.l.)-6) CO TO 450
0055 400 ONTINUF
0056 GO TO 4.50

0057 449 WRITE(6*OUTI)
0053 45nl BD81*0 1
0059 PMO~~lPI I
0060 D1A=OAA*WL/(ORT((KIL)*(ONEORT(JNE(TANI/(ONF.U/K1))**2),

4V 22.OO)*PT121
0061 WRITEc6vl01) FRK1,K2,TA'I1.TAN2,D2,0hO1lA8flT2,TlERROR
0062 10 CONTINUE
0063 GO TO 77
0064 8A CALL EXIT
0065 END

Print-Out of theProgram

AS3DX 176-17

r Ki K2 TAN 1 TAW42 D2 DI DIA
6.515 3.823 2.840 0.00015 0,00180 1 9050 0,2218 1.21168.600 3.823 2.840 0.00015 0.06180 1.9050 0.2086 1,1866
8.650 3.823 2.840 0.00015 0.00180 1.9050 0.2010 1.1722

SID1 T982D2 Ti ERROR
0.7040 -3.1514 0.7146 .0
0.6701 -2.5596 0.6886 .222O -15
0.6500 -2.29fik 0.6624 .22200-15

~BEST AVAILABLE COPY



Program 3, Calculation of Dielectric Properties of Center Section in

Three-Layer Symmetrical Cavity

0001 INTEGER04 1tJqK*NsT.tK0U4T9C0UNT
0002 IREAL*8 WLM*DItDZ*(hDAIAN,KZTEP9PI9PI2ONQS0LD9

31.D-693.D-7.1.0-7*3.D-8, 1.0-./FC)/i.D0g-.D0/*WE#K29TANCAL9
4T1.BlWLAltUWLC*KlGTA~I1G93?TAN4oT2,K20LDOELWLERROREROLD.
5SILLY(2),WL1,TAHA9TM1R,T4teTAN2A2TMt2RT142l.ZBlRsZ81I.TLD

0003 ^COMPLEX*16 ZONEZO0NEtZR1.TW09A1C81CtGieT41RC#
2TMI IC.TH1 ,A2C,2C9O2,G129621 ,TH2RCYdl.vT42

0004 EQUIVALENCE (SILLY1I)*ZBl)
0005 DIMENSION oATE(39),WLM(30),rEMPI3O),(IG(30),TANIG(30),

ZDELWL(30)
000( NAMELIST/14/WLMTEMP901,o2KGTA~t3,K2I0E.WLNDIA/OUT/K2,TAN2,

2TANCAL.ERRORZBIRZB1 i K3UNro~,J/OUT1/WL.UGltWLlTH1,G~,TH2,zRI
0007 200 FORMAT(1X939A2)
0008 201 FORMAT(IHO920X*39A2,/)
0009 100 FORMATC1XI6HWAVELENGTH '4EAS*92X*12HTEMP* DEOG. C94X92HK1#5X9

24HTAN1,8X,5HDELWL,4X,?MO1,7K,2H26X934D1A,8X,34K21)
0010 101 FORM4T(lXF9o4,lkiXF7.2,1XF7.3,1XF9.s,1XFe.4,1XFe.4,1X.F8.4*

1X9F8,4q1XPF8*4)
00t1 10? FORMAT ('-X,4ITEMP,9X,4HTANMt4,X4TAN 9 K?9E,4NZS1R1X&4ZR3II,

28Xv6HTANCAL95X ,5H~ERR0P*7X# 11K)
0012 103 FORMAT ( 1XF7.2,1lV'2oT,1XFl2.7,lXF12.4.1A.FI2.7.1X,712.7,1X*

0013 77 READ(59200,ENDs86) DATF
£014 WRITE(6*201) DATE
C0015 READ(5 IN)

0017 00 8 11=1.04

0019 A CONTINUE
(1020 ZON~S1.D00tjjJ)
0021 L0ONE*(0o#3*.1nfl)

&3v22 PlIz~3.14159e65360
0023 PI!2w~e2831853GY2U0
0024 0NtEC1 0 0
0025 Tw0~2#00*70NE
0026 WLCm1o?0te%#..D0*DIA
0027 2K1
0028 WRITE(f610'I
0029 00 10 1m1,N
0031 WLmtWLt4(11/?*DO
0031 Ux (dL/Wt.C) o2
0032 X1zKIO(I)
0033 TAMDLLI/3~-L-*-#SRAN#TWi)TM~)**03
0034 TAN2uTANMt42.D0f-j1+021/02
0035 TANIOTANIGOIb
0036 9)ePll2oU5RTfK>U)*(ONE*SQrTONE4(TAN1/(ON~u/Kfll)2)1/2,oo)

2/WL
003I A12P112A$)4SQRT((K1-U)*( ,0VE.SRT(ONE.(TANI/(0N~r.'J/'())*2))/2.00)

2/WI.
0038 TIwOTAN(81*0' 
0039 WLal/ uT(IUOOEDQTON*TN4(N*/1)*)1#0
0040 AACW4ONE*A1
0041 BlCwZOONE*AI
0042 GImAIC+81C
0043 TANAUIJTAhM (A1401)
0044 Tt41RuA4A*bONE.TI@.R)/I0'E.TAHA@0*'Y1*2)
00145 T1INSTRION-TAtA*2/IO4E.tAHA*2*T102
0046 THMUCZONE.TMHIA
0047 TH1ICxZOONF#THIZ
00486 1vT4MH1C.TI4IIC

10
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Program 3 (cont.) ETAALABLIE COPY
0049 A2=P112*USORT( (K2-U)*(-0EODS0RT(0ONEA(TAN2/(ONEeU/'2))*2) )/2.flO)

2/WL
0050 82=PI2*0S2RT( (K2-U)*CN+DSRT(NE(TAN2/(ONEU/(2))2))/2.O0)

0C51 A2CxZONE*A2
0052 02C=ZOONE*42
0053 G2zA2C*8?C
0054 GlZuG1/G2
0051; G2lz62/Gl

e0056 TAHAxDTANH(A2*D2)
0057 T2aflTAN (82*02)

.Y-0058 TH2R3TAHA*NET22)/(0LTAHA*2T2*)
0059 TH2I2T2*(ONJE-TAHA**2) /COJLTAA*2*T2**2)
0060 TH2RCzZONE*THZR
0061 TH2lCzZOONE*TH21
0062 TH2zTH2RC*TH21C
0063 ZR;(TWO*T~.l*G21THTHO2GI2T2)/(ZONE*(621-GI2)*THITH2+

2THl'02)
0064 ZB1RcSILLY(l)
0065 ZRI!USILLYC2)
0066 TANCAL=ZBIR*WLI/(P!I*(2.ODlO

2))

0067 ERROR=DS(ORT( (TANCALTAN14*2Z8I*2)
0068 COUNT=0
0069 440 COUNTcCOUNT.1
0070 IF(COUNT GT.J) 00 TO 450
0071 00 400 Ka1,14
0072 SOLDuSTEP(K()
0073 D0 600 J21#2
0074 420 WENONE*STEP(K)*FtJ)
0075 KOUNTvO
0076 4.01 KOUNTxKOUNT~l
0077 IF(IK0UNT*GT*90) GO TO 450
0078 IF(KOUNT.GT,10.AND.STEP(().LE1.O'-3) GO TO 411
0079 GO TO 425
0080 411 STEP(K)wSTEPCK)*10.00
0081 G0 TO 420
0082 425 EROLDnERROR
0083 KOLDwK2
0084 K2St(2*WE
0085 B~~l*SR(K-)(N+SR(N*TN/OEUX #2i2rO

2/WL
0086 A~P1*SR(K2U -*EOQR(N#TN/ON#/2)*)/2.O0)

2/WL
0087 ACzZ0NEOAl
0088 B2Cu200NE*92
0089 02uW4C82C
0090 G12u61/G2

0092 TA'4ABOTANH(A2*02)
40093 T2aDTAN(82#02)

0094 TH2RuTAHA.(0NE.T2*bt)/(04E~rAHA*02*T2*02)
0095 TH2!ET2.(ONE-TAHA*2)/(0dL.TAHA**2'T2**2)

40096 TH2lCaZOONEOT21

0099 ?81u(TWOTN1G2T2Tl2Gl2TH2)/(ZON~G2G2)of?2

010002
010 Za6p:SILLYQ

0102 TANCALuZ~iQ*WL1'(PJVO(2.JUOI.OD2)
0103 EA~RORmOSQRT( (TANCAL-TANMI*02.ZRIt*2)
0104 lFfERROR*LE*EOL0) 60 TO 4.01

0105 ERRO~mER0LD
0106 2K0.



Program 3 (cont.)

0107 STEP(K)=SOLD B S V !~ L
01860CONTINUE COPYlfikLA L

0109 00 ?00 jx1,2
0110 421 WEuON+STPK)*FiJ)
0111 KOUNT=O
0112 40? KOUNT=KOUNT.1
0113 IF(KOUNT-GT.90) GO TO 450
0114 !F(KOUNT.GT.1.AN.STFP()LE..o...3) GO TO 412
0115 60 TO 428
0116 412 STEP(K)=STEP(K)*10.0 00
0117 GO TO 421
0118 42A TOLD=TAN2

g0119 EROLD=EPROP
0120 TAN2=TAN2*WE
0121 82=PI12.DSORT((K?-(u).eONE.osoRT(ONE,(rAN2/(ONE*U/K2),..z)),? DO)

0122 AP1*SR((2U* DO*SR(N*TA2(N#/Z)*2)20)
2/WL

0123 A2CzZONJE*A?
0124 82C=ZOONE*42
0125 G2=A2C.B2C
0126 G12*GI/G2

4.0127 G21xG2/VGI
0128 TANAxDTANH(A2*D2)

K0124 T2=DTANcB2*D2)
0130 THRxTAHA*(ONE.T2.*2)/,OSiE.TAHA*o2.T2"2)
0131 TH2!UT2@CONE-TAHA**2)/(oV4E.TAHA*.2.T2*.?l)
0132 TH2RC=ZONE*TH2R
0-133 TH21C=ZOONE*TH21
0134 TH2zTH2PCTH.21C
0135 ZRlu(TW0~*N1*TH2*THI~***GIT)/(ZONE(GZIGl).THI.TH?.

2TH1002)
0136 Z91PaSILLY(l)
0137 ZI~zSILLY(?)
0138 TANCALuZBI1Q*WLI/(PT*(2.DOO*02))
013q EPRORWOSORT((TANCAL-TANM)'*02.7R1I.2)
0140 IF(ERROR*LF*EROL) GO TO 402
0141 TAN?xTOLD
0142 ERRORWEROLn
0143 STEPOK1uSOLO
0144 700 CONTINUE
0145 ?F(ERRORLE.1.fl-6) GO TO 4S0
0146 40-0 CONTINUE
0147 450 WRITE(69103) TEM4P(ITTN,4TAN2,K2,Z91R,Ze1I.TANCALERPO~,K
0148 10 CONTINUE
0149 GO TO 77
0150 86 CALL EXIT
0151 END

Print-Out of the Prog am

WIVALENGTH IIE&S. TINP* DIG. C KI TAIAH DELML
6,9316 25.00 3.823 0-00cIs 0.0200

01 02 DIA 11421
10,722 1.90sC 2IS4O0 2.1-4Oc

T8HP 1TAU! TA02 K2 ZBIV
25.00 0.0016236 0604074&0 L.8639 0*0111582

tail ?ANCAL MOO~f
0.0000006 0.0016236 0.SO34790-06 11

I * 12



BET VA~ALECOPY
Program 4. Calculation of Dielectric Properties of Sample in Asytmetric

Three-Layer Coaxial Cavity

0001 INTEGER*4 ItJK*NqMqKOUNT9C0UNT
0002 REAL*8 FS1,FS2,rS.FEIFE2,FEOS,0EC.WL0,OA.DBS1ARAlB1.TAN1,

201 ,MVO1 D2,O3tDTtK2,K?21 TAN2.ONETWUPI lP112.Z1 ,THR84,WL0AA
3TH1TORZTANCALTANM#T1 ,TAMAtTH1RTHl1,A2#B2,TH2RTH42lT3.TH3R#
4Tm31,ZB1RZB11,ERRORSOLL),IROLDK2OLO.WEOTOLDT2,SILLYCZ),DRB.DQ,

31.D-693.D-7,l.D-793.O-891.U-S/.F(2)/I.DO,-1.D0/sEXPlsEXPE
0003 COMPLEX*16 ZONEZ00NEsTWOCollPZIZlCTHR84CTH1TCZSCZAI9

2A1C,81CGlTHIRC*TH1ICvT~l.A2C,2CvGsGl2G2,TH2RCTH2ICTH2,
3TH3PC.TH3IC, TH3, THP83.TMq82.ZB5

0004 EQUIVALENCE (SILLY(l)#791)
0005 DIMENSION FE1(10),FE2c10),FS10i),FSe(I0),0l(l0).T'4(10,9

2DATE(39) ,m(I0).OQ(I0)
0006 NAMELIST,'C0NST/DAODaSIG4,EXP1 ,EXPE/LN/FSI .FSZFEI ,FE2,OQ.TH.MN
0007 200 FORmqATC1A,39A2)
0008 201 FORMAT(/1IiOt20K,39A2/)
0009 101 FORMAT(/IHn,2X*15HFREO* EMPTY ,4Z,12X*l9NFREQ. SAMPLE-IN MHZ#IOX*

2F12.5vI2XI2)
0011 104 FOMT/~t~7QE0YS*1GTE*A~3o3OWT SAMPLE93X*

29HDIE-C0NST, 3X, 1?HLO';S TANGENT)
0012 105 FORMATUMH ,rI0,4,4X.FIo.495XF10.4,2K$Fl0.5.4X.r12.8)
0013 106 FORMAT(1N0.1X1?7HEND LOSS MULTIPLYIN3 FACTOR,1X,

218HwALL LOSS EXPONENT91X.17H4END LOSS LXPONENT)
0014 107 FORMATCIH eAXF12.f*8XFie6%8xsF12.b)
0015 10A FORM4ATUlH.6X,6TANCAL86(,4NTAN4*8X,1ONCAVITY LENGflM-CM*IAX#

28MEND LOSS)
001 10q FORMAT (iH 12XtF12o892x9Fl~o6e4X*FI2.5t&XtIH(sEI2.696X9El2,6olm))
0017 112 FORMAT(lH0.6x,4HTANM.11X,4HTAN2,7X.94UIE-CO04ST,8X.6HZREAL.RAx,

2?HZ-IMAe9. ,nX,4TAN1,6X.HERROR, lOX, iK)
0018 1 11 FORMAT(IN .?XF2R,2yoF12.B,2X*Fl0.,99KEl262X.El2,6,2XF12.8s

22X#E12.6, 2K*2
0019 77 QEAD(5t200,FND=88 ()ATE
0020 blPITU6,201) DATE

601 EAD (50 N)
002? QEAD(5*CONtT)
0023 WPITE(fi4b01)

6024 00 20 1l1.,i
0025 tI2.40Or(
0026
0027 vPITE.6,10?) Ffl(II.VP2(1) ,VS1(!),VS4I1),01(11,02.M(t)
002g 2n CONTINUE
(029 7ONEw(I.UO.0.00)

0030 ZOONE a(OsDO v 1,00)
0031 PIIU3.1415926536D0
0"32 P11206.?31853072U0

C033 ONE*.,00
0034 T-4OuZ.00
035 TWi0CwZ0N4E#Tv

(o '3 AAm0Av2.5e4OO
) 0031 _'-,p88uO F*?*5'6OO

3038 &i974sO
09 00 10 10104

0040 02OZ2#54000THCI)

0041 VFu4FE141?*FE24Ifl/TW'
C042 FSg(S1D#FS,4I1).TWfl
0043 oEsFE'E11-vE(11
0044~ 0S*VS/(Fbl!)-FS~1
0045 AlU3.o7fl-?0SPT(F5CloPTOOA&.TUiO88l#0VL0~tR8&AI

0048

01)4 834OOS~~? 4~ I 1I13



Program 4 (cot.) BEST ANI kZ~ COY
0050 TANlzTWOA1*B/(81.*2-A1*2
0051 QluONE/TANI
0052 MV=M(I)
0053 DT=MV*Pyl/41
005i D350T-01(I)-D2
0055 KS.-*C*4(I) (ONE/FS-ONE/FE)/02,ON4L
0056 K2!3T* (ONE/QS-ONE/0E)/I( TWOOD?)
0057 TAN2uK221/K2
0058 WRITE(69104)
0059 wRTE(6*.10) QE,01,OStK29TAN2
0060 71u(ONE/PI!2)*DSRT2.!-P1I2I(1.000bb4854185D-14),.

20LOO (DBR/OAA)
0061 ZIR3ZONE'(71OSIN((PIT-TAN)/TUiOfl
0062 ZIxZOONEO(Zj*lSIN(TANI/TW0))
0063 Z1C*ZIR*Zli

f006(4 THR94u0ONE/Zl).OSQRT(PlleQ0 *FEI(,5808eIGRfl
0065 THR84Cu?0NF*THR84
0066 TH41TNDTANHA1OflT)
0067 RZa(PltoDT/ILOE)-T1TT4R4)/(0NE.THTTN84) )/TI4R4
0068 WRITE6fiol0)
0069 WRITE(6,10?) RlEXP1,EXPE
0070 !!CRZoGT.100*OO) GO Tn 7?
0071 TMITC*ZONE*TmIT
0072 ZSCwZ0NE*ITHRR4*QZ)
0073 Z~uTICTR4)(ONOMT*H9C*S
007;4 ZRIR4uSILLYI,)
0075 ZglSL~2
0076 TANCAL*ZtIIQOWLn/(P!.flT)
0077 TANM*ONE/OE
0078 WRITE(6910R)
0079 WRITE(69109) TANCALTA40TZ5C
0080 WLwC/FS
0081 TAN*4EGNEIOS
0082 ToR4t~3*(F/E O P* .0083 THQ84CuZO'ETHQB
s.084 Z'45eZ0Nf#(TNR8'4*Z)
0085 AI*A1*(FS/FEIOOEMPI
0086 BlwPII2*050PT(I.OOS~nO0)WL
0087 TANjwTWO#Aj*81/(91002-4j0*2)
0008 8l~oSQT4N )/Y(O4T~jOWWO,
0089 T~w0TAN(BI9DI':!'
0090 AICS1ONt4EAl
0091 BICRZ00NE*91
0092 G1641CORIC
00()3 TA*4S.DTANNIA100I ii
00941 THQTN40EY*2/(~EtN02T9
0095 THITOOETtA0)(~#A4*ZT*2
0096 TH4)QC*10NE*THIQ
0097 TNUTCuZOQf4OTHII
0098 YHI*TH)IQC*?NI3C
0099 AP1a~0~ K'- .SRIN.A~*IITO V.
0100 92vD IZOS1AT JW9 oo***$4JQT (0%F.YANW2*2) I /TVOSVL
0101 W"Zm1Nt*A7
0102 02C#Z0OQZ
0103 G~wA~coq~c
01011 012461fO02
0105 02ino2/01
0106 TkHAwDY&NH42*nflI
0107 TPUOTA49202)

0109

0110 TY4~CuZO74P*
01711 1d!.0#tT.
0112 TAm2T4QCoT4~1C
0113 Y360TA14481*03)

14



Program 4 (cont.) B S V D B E C P
011L4 TAA=DTANH(A1*03)
0115 THRTH*OET#2/0ETMO2T*2
0116 TH3T2T3*(ONE-TAHA*.2)/(O4iE.TAHA**2oT3*OZ)
0117 TH3RC=ZONE*TH3R
0118 TH31C=ZO0NEOTH3I
0119 Tm3=TH3PC#TH31C
0120 TH6=2*T3TR4C/LN*H*HiC
0121 TH8=I*T2TW3/7NOHTkJ
0122 ZIl~xZONE*i?10SIN((PT-TAN)/TWOfl
C123 Zl1sZOONE*cZ1*SN(Tk~l/fWOfl
0124 ZICVZ1W.Z1I
0125 Zg1lziB5. (Ti41THR8Z)/(7oNE*TI*THRg2)
0126 Z81P=SILLVUl)
0127 ZgllzSILLY(?)
01i8 TANCALzZ61Q*WL/(P1I*0T)
0129 ERROR:OS'4RTC (TANCAL-TANMi0*2*.?1*'2)
.0130 COUNT~o
0131 44() COUNT:COUNTI
0132 !F(COUNT.GT.3) G1~ TO 450
0133 00 40~0 K=1.14
013k SOLrfl:S1FP (,e
0135 DO 600 Jul.?
0136 42 WE=ONE#STE0CK)aF(J)
0137 KOUNT=0
C j38 401 K0'JNr=KOUNT.1
0139 IF(KOUNT.GT.90) 60 TO 4SO
0140 TIFKOUNT.CT.1O.ANJO.STEPc().LE.I.D-3) UO TO 411
0141 60 TO '4?5
0142 411 STEP(K)=STFP(K)*10.fOO
0143 GO TU 4?0
0144. 42S EROLD=ERNOg

Cl's K2OLO:1K?
01416 $(23Ke~.dI
0147 A~~l*~P(2(OE ~UTOETN*2)/TWO)/WL.
0148 e3?uPIl.ISPT(.1.O*4r-.0SQRT(ONE.TAN2*.z) )/TWO)/WL

0,149 A2CXlONF#A?

0151 G?ffA2C*SeC

054 TAHAzOIANH44A29flv)
oiss T?mnTA,4tu?o )

01579

0102 THPnaGl'e*TA?*I43) / ?NE TH?T4484)

0163 Z 1(M .H4OJ'~H2
0164 ZIRSLY)
0165 18ITUSILLYt2)
0166 TANCALsUIQ*WL;(P1DT)
0167 EQOnSR4TNA
0168 IF(ERPORtLE.EROLD) GO TO 401
0169 EPRO0aFRQ0U)
0110 ?I40f
0171 STEPI.KIROU'
0172 600 CON~TINUEi
017.3 00 700' J9162
0174 4?1 dFu04fSTOiQK,*FfJ)
0175 ROUtNTWO
076 402 1flU#NTaxoUNToi

'A0177 IF1cUftTG1@90) GO TO 44;
0178 I1VO.OT10AIDSTP)LEID.O.31 W~ TO 612

........ ........ ..... .2..5



Program 4 (cont.) n rT A ''j
0179 GO TO 4?8 DL)I V L~bLr 1~
0180 412 STEP'K)=STFP(K)'1O.00
0181 GO TO 421
0182 428 TOLOcTAN2
0183 EPOLDuEAROQ
0184 TkN2zTAN2*WE
0185 A~mPX124DSIRT(t2('-ONE.OSQRT(ONE.TAN2'*2))/TWO)/WL
0186 B~zPI12*DSOPT(2*(.ONE.DS(.RT(ONE.AN2'2))/TWO)/WL
0187 A?CwZONE*A?
0188 BCuZOONE*R2
0189 G2uA2C.B2C

0191 G21=62/Gl
0192 TAHA:OTANN(A2*D?)
0193 T?xDTAN(62*O?)
0194 THPTH&UET*2,/OETH*2T*2
0195 TH1T*O-ETH*?/0ETHOeT*2
0196 TMP2C=ZONE*T'2P
0197 TH21CZZOONFOTH?1j
0198 THUTH2RC.TH2IC
0199 TtR83=621*TH43THRP4C)/ClONEtTH3UTMR94C)
0200 TH9=I0f2TR3)t;N-HOHi3
0201 7ZBS(T41TR8)/7N*T41-TMRR2)
02C2 ZO8PmS1LLY(1)
0203 ZBIURSILLY(2
0204A TANCAL=ZB1O*WL/(Pll*DT)
0205 ERRQRcDSQRT( (TANCAL-TANM)*#2,ZR11*A2)
0206 IF(EAPOP.LF.EPOLM1 GO TO 402

f0207 TANUTOLD
0208 ERRO~sEPOLt)
0209 STEP(K)vSOLO
0210 700 CONTINUE
0211 IF(FRPOP*LE.1,0-6) GO TO '.SO
0212 400 CONTINUF
0W3 45nl TAN2TAN2-TANI
0211a WRITE(6*11?)
021 WRITE(ei113) TAN$4,TAN?.,L13ZI,BITAN.ERiI0~,K
0216 It CONTINUE
0217 Go TO 77
021 64 CALL EXII
0219 END

Print-O0ut of the Pro ram

EICUO3M X-DFDl01660,50Kn4,4/9/16 DrD496 0.3OO0a.Z,3/10/76 SIOR.3

159.907668 1$9.795774 152.967100 152.855565 44.83100
319.670542 319.07271f4 301.566003 3014362325 19,66280

S&HP7. MWCI CM 10, Hk,4? VIVES
3.40589

Q-911POT Q-ThEO.Ii&tL 41-VITH 5A119LI 011-COOST LOSS MOM'N
1429*6072 440245744 137C.9779 2.24945 0940010000

IND LOSS SttLZpL1140 FACTOR WALL LOSS IXPOtWY IWO LOSS E01POSUT
Sj90* ~0.500000

?INCAL TA"CAVITY LENGTH-Cl F OWSS
0.00069996 0.00069996 93.74672 (0.6691M8I-03 0.0

TAMN TA W2 019-CCNST al4 S-XNlLv
0*00072941 0.00002A4.1 2.25696 0,1095710.Oa -*6801S-06

0.Q'020090.69'4105D-06 a

X



Program-5. Attenuation and Insertion Loss and Phase Shift in Multilayer

Radome for Perpendicular Incidence

)001 INTEGER*4 IvJJK9NKOlJIT,4
0002 REAL*8 T9TAALP,8ETK?,P1I3,0NEWLFAK(2),A9,CDA8,AARBoAR.8R#

2ERROR1 9WEQ0LDER0LOAOL)9TAA,TA8,DE'.1ASCA8D.K1,TANCOOLD

,RRR*FRGR,THETA,TGH2A,TG2B.82,AAA ZETAMVSWRREF .,KEFFOATANF,
7ERlR#EBlI FB12vINSLsF(JSS(?)

0003 COMPLEXW 16 ZONEZO0NEALPCBETCGA~mA.K1CoK2CoKC,70,Z.THRRRR
2TM9ZBSMGRPSHGR19SHGRSH(IEEVY,ZTAE1,E?SHCSHGAC

00016 DIME:NSION DATE(19).ALP(1U).8BETc10),oAMMA(10),Z(ie."P(11)r)BS(1O),

f)005 E0OJ!V&LENCF (FAKE(1).THR3).(STLLY4,~EV).(FUN(13,YB),(FUSA(1).F81)
0006 NAMELIST/IN/Al1 TANTN.WL/OUT/3AIMMAZZB/OUTI/ABERROR1IoC,

2D/OuT3/C.D/OUT?/RB, ?H,7R,$1GRRSHGRI , HGRSHGIA,6gETHRB,THETR9
3ERROR1 ,E81 EB9SHrC*SHrRC

0007 202 FORMAT(1HO*23X,9HLAYER N'J.,4X92HK1v6X09HTAN DELTA,1X%
21HHCNS*M2X2HC~4LTV L0S,8t2Xvl3HLAYEq LOSS,08.
32Xvl6HPHASE SHIFTtDEG.)

0008 300 FORMAT (28X.I2,?XF9.S2XOFI 1.7.?X.F8.4 1olAF1I.7,6X.!11.7,9XFR.3)
0009 302 FORI4AT(25X*IIHTNPUT VSW .1lX9F9.6,4x#Z0HREFLECTj0N LOSS* fl8m~1x*

2FA.5)
0010 303 FORMAT C?5X#12IffFFECTIVE <m,1X9F9.6t3Xs21NE7FFCTIVE TAN DELTA at

?lXtFl0.7)
0011 201 FORMAT(1HO,20X.19A4)
0012 200 FORMAT(1XslqA4)
0013 309 F0RMAT1X,19HINSERTION LJ559 O8',F11e7)
0014 77 REAO(S,?00vEN~vG6) DATE
0015 WRITE(64201) DATE
0016 READ(591N)
0017 P1IM.14596536D0
0018 P11206*283185307ZO0
0019 Pll3cPlie/WL
0020 04Ez1.D0
0021 ZONEI(I.D0*0.O00
0022 ZOONE%(C.O.1.00)
00323 Z~m377.O0#?ONC

000 D 10 JXl,'j
0025 TAvDS0RT(OiNETAN(J)f9?)
002f, ALP(J)SP1l30OSQR!TK1(J).5.O-1.(TA-0wtj).T(Jt

0028 AL.PCkZ0NEfALP(J)
0029 OCTCOZ0ONCOREY1J)
0030 GAmt4A(J)9ALPC*RETC
0031 (2w(j)*TANtJ)
0032 K2CRZOO4EO(2
0033 K1CvKlfJ)#70f4[

0035 Z(JIvZ0iCDS0RT(KC)
0036 10 CONT INUIE
0037 SJ480.000
0038 E(1)ZORE
0039 P11)NONF/377.Do

00'4O ZR(I.1iZ0 Up

00.4 001 w' ETAALAB LE CP
0045 CFKI
0046 0nP*I(E12)

0046 IV(D.GT WlS4 0 TO 1

17



Programa 5 (cont.)

0049 FR=2.D00R/(ONE*R**2)
0050 GR%-2.O'N/(ONE-RO*2)
0051 THETA=DATAN(D/C)
0052 TGHAFPOCOS(THETA) rrO
0053 TG2Et=GR*OSN(TH.ETA)

oo5~ GO TO 34

0056 FP=2.00*RR/(ONE+RR4*2)
0057 GR=-2.DOR4R/(ONE-HR**2)
0058 THETA=OATAN(D/C)
0059 TGH2A=FP*DCOS(THETA)
0060 TG28=GR*DSTN(THETA)
0061 34 B2=DATAN(TG2B)
0062 IF(P .GTs ONE) B2=PII.R2
0063 B=DTAN(0.5D0*82)
0064 AAA!=0.2500*DLOG((ONE4.TGHA1#'C0NE-TGH2A))
0065 A=OTANH(AAA)
1066 50 A~OE(*)*
0067 ARlCc(ACONE+8**2)/A8-C)**2
0068 A8Ds (B* (ONE-A**2) /A8-O)* 2

0069 ERROR1=OSQPT (AHC+A80)
0070 DO 400 K=1.22
0071 SO1OsxSTEP(x)
0072 00 600 JJ-1*2
0073 420 WE w0NE*STEP (K) F (4J)
0074 KOUNT=O
0075 401 KOVNT=K0UNT.1
0076 425 BOLDz8
0077 EROLD=ERk0P1
0078 Bug*WE
007q A~bm0Ntf(A*4)0*7
0080 A8Cx(A*(ONE*8**2)/A8-eC)**2
0081 A8OS (89cONE-tA*2l/AB-0)s*2
0082 ERROPI=DOQT (AiRCARO)
0083 IF(EPP0RI-LE.ER0L0) G0 TO 401
0084 BaBOLD

0095 ERRORIcEROLD
0086 STEP(K)OSOLO

OC7600 CONTINUE

0088 00 700 JJa)42
009 2 WEcONEoSYEDMOF(7JJ,

0090 I(OUNTcO
to9 40? K0IJNTcI(OUNY.l
0092 420 A0LORA
0093 EROLD&ERNHOR1

II0094 Awh'WE
0095 A~mONE' (A*R) '*2
0096 ARC(A(NE*9**2)/AR-C)**
0097 A8D*(8d(GNE-A*)/A0-D)**2
0094 ERR1 UOOT (ARC*A6DV

0099 Ff(RR0DI-LE.AR0L0) GO TO 4.02
0100 AwAtfL.0
0101 FRRINEROLD
0102 STEPIK)USOLD
0103 700 CONTINUE
0104 ir(ERRO~l.LE.1.D-l~l GO TO 450
0105 400 CONdTINUE
0106 '*S0 &AJ~v0.5DOL06((I1A)/-'Ah
01 f7 8R(J)m0ATA4JI9)

0109 AAwALP(J)*AR4J)
0110 PtuRET IJ) ofkR(J)

0111 YAAOTAkiAA)

18
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Program 5 (cont.)

S tI 'Al I!1Lj U
0112 TAB=OTAN(BR)W
0113 DEN=ONEt,(TAATAB)**2

0115 ZB(J.1) zZ(J)*TH4(J)
0116 THRB=ZB(Jll1/ZCJ+1)
0117 SHGRR=ZONE*OSjNI4(AA)D0C0SC8B))
0118 SMGPI=ZO0NE*(DCOSH(AA)*0S1N(8R))
Oliq SHGR=ZONE*(DSINH(AR(J))*L)C0S(BP(J)I)
0120 SHGI=Z0ONE.(DCOSH(AR(J))*USIN(RP(J)))
0121 SHOC(J)=SHGR*SHGI
0122 SHGPC(J)=SH4GPR*SH$GPI
0123 E (J. 1)=E(JI *(SHGRR.SHGRI) /(SH6GR.SHGI)
0124 YB=ZONE/ZBCJ+1)
0125 EV=E(J+1)
0126 EV2=SILLY(1)**2#SILlV(2)**2
0 127 P(J.1)=EV2*FUN(1)
0128 THETRcDATAN(SlLLY(2)/STLLY(1))
0129 IF(SILLY(2) .LT. 0.00 *ANU- SILLYM1 .GT. 0,0)0) THETR2THETRoPIT2

0130 IF(SILLY(2) .LT. 0.00 *AND*. SILLYM1 *LT. 0.00) TIETRuTHETR.P!!

0131 IF(SILLY(21 *GT. 0.00 *AND* SILLYM1 -LT. 0.00) THETR=THET~oPlI

0132 sum=T(j)*suP4
0133 Xz2.000SUM/WL
01341 0=0.00
0135 IF(X .GT. Oi GO TO I?

0136 GO TO 14
0137 1? QrQ.ONE

0138 IF(X .67. Q) GO TO 12
01391 14 0=O-ONE

014~0 THETO=5.29STNSOOTHETPOI08O.00-360.OOSUM/WL
0141 IF(THETO Gc4. 180.00) THETD.THE:TD-18000

01u3 DBUI0.D0*L610(P(J#1)/P(I)
0144 WITE(6.000 J,9(J,TAN(J1.T(JhOBOSJ),T8ETD

01 fa5 13 CONTINUE
0 16 E(~'sNl/Z.E(Ji
0147 00 15 Juz1,N

0150 IS CONTINUE

C152 ES I PrUSS ( I

0154 F1w9k9#AI*
0155 MN1. a 1 @DOeLonl 0 .2Sfl0/Li )
0156 V0ITE(6,.305) INSL

0157 7ETAMCa(BNI)(ET1o(8%*)ZO

0159 V4#E&4/OFT4
t160 PFLN I 0Q0LOGIO (ONE I (O*-ZETA14*2))
%161 btO!TE630p? VSV~REFL
0162 KCFFV WLT#4E TW(360.onol.1mr #4f4) **

0163 O~3*93V~~~DO~KFi(BIL
0164
0165 twPtTE(6031 KCV7,TANflr
ol 6f, GO TO 77
0167 186 CALL EXIT
016 EW4~

19



bL ST A'AL YCOPY
Print-Out of the Program

ROCKWELL 9-LAYE RA.DOM! 3 GHZ 74 DZG.F.

LAYER NO. KI TAN DFL h THICYNESS,CH ACCUnRLATIVF LOSSDB
1 2.44000 0.2068000 0.0530 00009846
2 1 I1550 O, oCC900 5.0800 0.002302V
3 3.59000 0.0125000 0.0500 0.0040788
4 1.21500 0.0033900 0.2640 3.0067270

3.59000 0.0125000 0.0500 0.0086609
6 4.140C0 0.01CO000 C.0660 1.0108214
7 1.12500 6.00270C0 1.2280 0.0236838
8 4.14000 0.0100000 (.0660 0.0262639
9 1.30400 0.0045300 0.3200 0.03174714

LAVE LOSS,DB PUSE SHIPT,DEG.
0.'019846 0.001
0.m0i3174 9.743
0.0017768 9.800
0.0026482 10.382
0.QC19339 10.558
0.0021605 10.840
0.C128623 27.576
0.00258C1 28. 59
0.O054834 32.c-6

ISFITICO LOSS. VB I,1.U9004

.NU? V3g,, 1.39117 RIFLECTIOW LOSS, DDR 0.11415
tF7!CTiE IK 1.26'634 IyfCTIVt TAN DELA , 0.00141h7

£A
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DATA INDEX
Page

I. Inorganic compounds 24

Aluminum oxides 24

Single crystal sapphire, Union Carbide 24

Ceramic, AlSiMag 772, American Lava 24

Ceramic, high alumina, A.C. Spark Plug 24

Aluminum oxide mixtures 24

With boron nitride, Ceradyne 24

With silicate fibers, McDonnell Douglas 25

Ammonia, solid, liquid, Matheson 25

?-.ryllium oxide + silicon nitride ceramic 25

Niberlox, National Beryllia 26

Boron nitride, hot-pressed, grade HBC, Union Carbide 26,27

* Potassium bromide, hot-pressed, Union Carbide 27

Silica 28

Dynasil 4000, Dynasil 28

Silica, hot-pressed, McDonnell Douglas 28

Silica fiber AS-3DX 176-17, Philco-Ford 29

Silicate Glasses 29

Corning Glpass 7052 and 7056 29

Silicon nitride compounds 30

GE 128-2 and GE 129-1, General Electric 30

II. Miscellaneous Inorganics 30

Hercynite (FeAl204) in air, MiT Materials Science Dept. 30

Sand, MIT, Research Lab. for Electronics 30

Uranium oxide (U03) powder, General Electric 31

Chalcopyrite (CuFeS2) powders, Kennecott Copper 31

Supramica 1100, Mycalex 31

III. Organics 32

Epoxy compound, Allied Resin 32

Black FM Film, American Cyanamid 32

"Teflon"-coated membrane, American Durafilm 32

"'lorlor." 2000, 4moco 32

"Torlon" 4000, Amoco 32

"Torlon" 40001Astvoqurtz, Amoco (Whittaker) 32

"Torlon" 4103, Amsco 33
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DATA INDEX (Continued)

Page

III. Organics (cont.) 33

"Torlon" 4203 33

Fluorglass laminate, ;,tiantic Laminates 33

Absorber, AVCO 33

Vinyl film 133-24413-L, Borden 33

Adhesive, HA6164 XL5-101, Borden 33

"Astral" 360 polyaryl, Carborundum 34

"Ekkcel" 1 200 copolymer, Carborundum 34

Polyimide film, Carborundum 34

Epoxy/Glass laminate Fortin "No Flow," Collins Radio 35

Eooxy/Glass laminate Mica "No Flow" 102-68, Collins Radio 35

27 Custom Poly-"Teflon" fiberglas Custom Materials 36

Thymol, solid, liquid, Eastman Kodak 37

Silicone rubber absorbevs, Emerson & Cuming 37

Carbon foam absorber, Emerson & Cuming 38

Lauiinates, Glastic Corp. 38

Molded polyvinyl chloride, Grace 252 and EM 134 38

Dioctalphalate, Hatcol 101, Hatco 38

Niax polyol, 10 ring LJO, liquid, MIT, Moch. Eng. Dept. 39

Niax polyol W137D408. liquid, clear, MIT, Mach. Eng. Dept. 39

loo,'!snate, SF-52, liquid, MIT, Mech. Eng. Dept. 39

Chlorinated polypropylene, HIT, Mech. Eng. Dept. 40

"Teflon"-fusax quartz laminate, Philco-Ford (Lincoln Lab.) 40

"Rytron" R4, polyphenyl sulfide, Phillipa Petroleum 40

"Tefztl," 20% glass reinforced, RCA 40

15% TFE, RCA 40

15% TEE, polyaulfooe, RCA 40

Solithani No. 1, Thlokol 40

Composition B, U.S. Army 41

Kinol A, U.S Army 41
"Tritotal," U.S. Army 41

TNT, Trinitrotaulene, U.S. Army 42

4I.S. 8950-24-3, Uniom Carbide (Whittaker) 42

Ferro/Kerimid 581 Astroquartz, Whittaker 42

Ferro/Kerimid E g1aus, Whittakev 43

Hemeel ?-176/E gla", Vhitakar 43
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* DATA INDEX (Continued)

Page

III. Organics (cont.) 43

Hexcel F178/Astroquartz 581, Whittaker 43

Experimental Pl/Quartz, Whittaker 43

PD 753/Astroquartz A172, Whittaker 43

Skybond 710/Astroquartz 581, Whittaker 44

DIELECTRIC PARAMETERS

Dielectric parameters in the present report have the following

notation:

K', '/o, dielectric constant relative to vacuum

KC, E"/E, dielectric loss factor relative to vacuum

tan 6, or tan 6d' dielectric loss tangent (dissipation factor)

C', v'/Po, magnetic permeability relative to vacuum

K", , magnetic loss factor

tan 6m, magnetic loss tangent

a, a.c. volume conductivity in mho-cm

o, s.c. volume resistivity in ohm-cm

is!
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MATERIALS INDEX

I. INORGANIC COMPOUNDS

Aluminum oxides
Single crystal, sapphire Union Carbide
Sample Code M7-2054-7, 8.515 GHz, 25 C

Field direction relative KI tan 6

to optic axis

II 11.60 + .03 .00005 + .00003

1 9.40 + .02 .00007 + .00005

Ceramic, AlSiMag 772 American Lava
8.51 GHz, 250C
D-c volume resistivity at 25 C > 2x1015 ohm-cm

K - 9.295 + .03, tan 6 = .000073 + .000015

Ceramic, high alumina A.C. Spark Plug

T°C P T°C
(ohm-cm) (olm-cm)

25 > 1. E17 500 2.25E8

60 1.E16 600 6.3E7

100 2.E15 700 1.53E7

200 1.9E12 800 3.22E6

300 4.OEIO 900 6.lE5

400 2.32E9

Breakdown voltage 60 Hz rmo, .007" thick-
ness, 1/8" diam. alett., short-tize test

T C kV
23 

8.0

137 7.0

237 6.0

Alumiauw oyide mixtures
With boron nitride Ceradyne

Z Comp. w/o Ceradyne Density 25°C 8.5 GHZ
A120 U, No. (/c/Z 3 ) ' tan 6

60 40 1603 2.87 6.61 .O004

70 30 i605 2.98 6.92 .00036

50 50 1597 2.603 6.01 .0026

so 5so 1595 2.832 6.52 oo034s

24



Aluminum oxide mixtures (cont.)
With silicate fibers McDonnell Douglas

After drying for 48 hrs at 150 00
Density 1.65 g/cm3

8.5 G~z, 2500

K -2.88 tan 6 .00235

Ammonia Matheson
Solid

8.5 GHz 14 GI-z

TOC tan 6  Kt tan 6

-195 2.96 .00034 2.96 .00032
-160 2.96 .00035 2.96 .00034
-140 2.97 .00036 2.97 .00035
-130 2.98 .00037 2.98 .00037
-120 3.00 .00039 3.00 .00038
-110 3.02 .00044 3.02 .0005
-105 3.03 .00050 3.03 .0007
-100 3.04 .0020 3.03 .00132
-95 3.04 .0054 3.04 .0026
-90 3.05 .0049 3.04 .0053
-85 3,07 .0046 3.06 .0035
-80 3.14 .0047 3.12 .0025

8.515 GliZ 14. 0 G&-

T 0C K gKI T 0C K' i

-76.2 24.52 6.85 -76.5 19.24 9.57
72,6 24.44 6.81 75. 19,33 9t48
71.7 24.38 6.44 72.4 19.50 9.37
67.0 24.14 6.08 68 19.69 8.72
64,5 24.00 5.f65 61.7 i9.99 7.60
62.0 23.87 5.30 59.5 20.14 7.54
57.7 23.58 4.91 $6.3 20.5 7.12
51.2 23.08 4.28 52.4 20.76 6.65

4.7 22.?? 4.01 48.7 20.86 6.24
42,0 22..23 3.61 44.2 21.42 5.78
40.3 22.04 3,51 41.5 21,07 5.56
38.3 21.82 3.40 38.7 21.08 5.33
34.5 21,46 3.21 36.3 21.08 5.07
33.9 21.35 3.19 33.6 21.07 4.96

Barylllum ox.idie + sil1icon uitr'ide cerami.c

8.5 G~t, 251C

K 7.242 tan 6 ~a.00235i

25
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Beryllium oxide + silicon nitride ceramic (cont.)

"Niberlox" National Beryllia

3.13 to 2.94 GHz 5.1 to 4.89 0Hz

T0C K' tan6 T0C K' tan 6

25 7.245 .00117 25 7.21 .001

98 7.304 .00118 500 7.73 .0015

191 7.396 .00i19 600 7.85 .0022

254 7.458 .00110 700 7.99 .0029

362 7.578 .00113 800 8.15 .0032

438 7.665 .00124 900 8.30 .0042

471 7.703 .00142 1000 8.47 .0049

515 7.765 .00165 1100 8.65 .0057

554 7.823 .00200 1200 8.80 .0071

592 7.872 .00245 1220 8.84 .0075

643 7.955 .00301 1250 8.88 .0083

675 8.002 .00329 1277 8.31 .0092

696 8.033 .00344 1305 8.96 .0118

735 8.106 .00375 1327 9.01 .0210

768 8.171 .0039 1335 9.02 .0035

1343 9.05 .0037

Boron nitride, hot-presoed, grade HBC Union Carbide

Electric field It presing direction

TC Freq., 10 2 103 104 105 106 107 108

23 i 4.63 4.63 4.63 4.63 4.63 4.63 4,63
tau 6 3.6 3.2 2.7 2.5 .79 <.6 <.6

100 K 4.68 4.65 4.64 4.64 4.64 4.64 -
tsu 6 12.7 12.9 11.1 8.2 3.7 2. -

200 K 4.70 4.68 4.68 4.67 4.64 4.64 -
tau 6 29.6 25.8 20.7 14.6 6.1 2. -

300 K 4.90 4.81 4.75 4.71 4.71 4.72 -
tan 6 136. 108. 66. 25.7 8.7 3.8 -

400 K 4.99 4.88 4.81 4.76 4.74 4.72 -

tan 6 163.5 142.5 97. 43.3 13.6 4.3 -

500 K 5.07 5.92 4.85 4.80 4.76 4.74 -

tan 6 266. 172. 116. 87.5 48.3 16.5 -

m All valua of taA 6 ae mwtrplegd by 104.
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Boron nitride, hot-pressed, grade HBW;

J Electric field .L pressing direction

4.08 to 3.99 GHz 8.515 GHz

o0 0 4 xa
K' 0xtano T°C K' 10xtan

25 4.142 1.4 25 4.142 1.5

100 4.146 1.5 100 4.14 1.6

200 4.154 2.5 200 4.15 1.6

300 4.162 3.4 300 4.16 1.7

400 4.172 3.8 400 4.17 1.8

Overnight hot 500 4.18 1.8

500 4.181 2.7 600 4.19 i.8

600 4.193 2.4 700 4.20 1.8

700 4.205 2.7 800 4.22 2.0

800 4.221 3.2

900 4.237 4. Anisotropy test on rod at 8.515 GHz, 25°C

1000 4.254 5.1 Field K' 10 4xtan 6

1100 4.271 6.5 direction

1200 4.290 16.2 Ei 4.150 9.4

1300 4.308 24. Ell 4.543 5.6

1350 4.317 33.3

1375 4.321 38.

1400 4.326 42.

1425 4.331 48.

1500 4.345 68.

Potassium bromide, hot-preened Union Carbide

250C, 8.515 GRt after 48 hre. at 1500C

Sample No. DDnity K' tan 6
(glcm3)

15 2.10 3.573 .00006

16 2.14 3.496 .00013

17 2.43 4.320 .00094

18 2.48 4.118 .00006
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Silica, Dynasil 4000 Dynasil Corp.

8.5 to 8.6 GHz 37.3 to 35.1 GHz

T0C K' tan 6 TC tan 6

25 3.825 .00016 23 3.82+.015 .00035+.0001

92 3.830 .00012 195 3.84 .0003

189 .:.836 .00010 403 3.86 .0003

272 3.840 .00007 610 3.87 .0002

337 3,844 .00006 807 3.89 .0002

398 3.850 .00006 1003 3.92 .0003

544 3.864 .00007 1205 3.95 .0G03

601 3.868 .00008 1408 4.01 .0004

700 3.880 .00012 1495 4.05 .0005

833 3.897 .00015 1570 4.08 .0007

862 3.904 .00016 1650 4.14 .0010

922 3.914 .00018 1690 4.18 .0018

997 3.925 .00020 1720 4.22 .0025

1064 3.936 .00024 1750 4.26+.04 .0038+.0004

1099 3.941 .00025 1800 4.41* .010*

1111 3,942 .00025

1181 3.956 .00027 Extrapolated, not measured.

1234 3.966 .00029

1316 3.984 .00031

1364 3.991 .00034

Silica, hot-pressed McDonnell Douglas

8.5 GUz, 25 C

(/cm )

Standard liyperpure SC 195 1.55 2.703 .00033

SC 103 2.07 3.604 .00004

A.g e Hate fyporpure ASC-71 1.55 2.747 <.00002

ASC-83 1.96 3.268 .00016

N
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Silica fiber AS-3DX 176-17 Philco-Ford

8.5 to 8.6 GlIz

T C K' tan 6 T C K' tan 6

25 2.88 .00178 959 2.94 .0026

70 2.88 .00150 1001 2.94 .0030

126 2.88 .00103 1050 2.94 .0034

202 2.876 .00060 1080 2.95 .0038

300 2.88 .00035 1173 2.95 .0047

3 35 2.89 .00035 1223 2.97 .0053

488 2.89 .00048 1252 2.97 .0058

609 2.90 .00077 1289 2.98 .0068

680 2.91 .0010 1324 3.02 .011

799 2.93 .00155

Silicate Glasses

Corning Glass 7052 Corning Glass 7056

1 GlIz 1 GHz

T°C tan 6 T°C K' tan 6

23 4.97 .0046 23 5.23 .0049

102 5.00 .0053 106 5.26 .0050

198 5.04 .0068 228 5.20 .0066

305 5.12 .0106 295 5.31 .0078

359 5.18 .0150 352 5.34 .0102

393 5.23 .0165 404 5.40 .0123

445 5.31 .0174 447 5.43 .0154

490 5.35 .0254 494 5.49 .0173

511 - .0306 514 - .0360

529 - .0G430 529 .0441

540 - .0498 545 .0538

552 - .0582 562 .0653

560 - .0657 577 .0731

573 - .0750 593 - .0806

594 - .G874 612 .0893

603 - .0930 636 - .102

622 - 10977

632 - .1017
29



Silicon nitride compounds General Electric

8.515 GHz 14 Gz 24 GHz

GE 128-2 K' 7.72 7.71 7.67

tan 6 .0022 .%033 .0034

3
p (g/cm ) 3.082 3.030 3.079

GE 129-1 K 7.77 7.73 7.67

tan 6 .00185 .0026 .0020
3P (glcm 3.087 3.089 3.080

II. MISCELLANEOUS INORGANICS

Hercynite (FeAl204) in air M.I.T. Materials Science

T°C Freq., Hz K' a T°C Freq., Hz a

28 1.E5 18+2 5.8E-8 527 100 l.lE-4

61 7.2E-8 686 100 8.2E-4

101 9.8E-8 686 1E5 8.2E-4

170 2.OE-7 718 1.07E-3

221 4.2E-7 778 2.09E-3

260 8.3E-7 829 2.96E-3

299 1.7E-6 836 1.E6 3,79E-3

324 2.9E-6 885 8.8E-3

421 2.1E-5 905 1.14E-2

537 4.2E-4 971 1.68E-2

Und M.I.T., Research Laboratory for Electronics

Freq. ,GIz .3 1 3 8.5 14 24
.2% 1120 K' 2.95 2.93 2.91 2.90 2.89 2.86

K" .0196 ,017 .018 .0091 .0096 .O158

32 H20 K' 3.68 3.58 3.52 .50 3.48 3.46
K .273 .122 .136 .36 .47 .48

52 U20 K' 5.07 4,90 3.53 4.65 4.50 4,24
.35 .220 .352 .630 .89 .935

8% 0 6.57 6.46 6.27 6.06 5.54 3.30
.493 .309 .462 1.18 1.53 3.1

11% u20 W 8.6 8.45 8.24 8.18 7.8 6.99
'" .785 .43 691 1.89 2.42 2.60

20% H10 K' 15.2 15.1 14.8 13,8 12.4 11.0
K-1.15 .66 1.55 3.94 5.90 5.4

30
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Uranium oxide (UO3) powder General Electric

.915 GHz 2.45 GHz

T0C K' tan 6 T0C K' tan 6

23 4.27 .00067 23 4.27 .00058

93 4.26 .00092 98 4.27 .00115

272 4.26 .00550 264 4.26 .00292

345 4.28 .00783 359 4.27 .0053

482 4.32 .0106 456 4.28 .0071

517 4.35 .0125 517 4.32 .0101

Chalcopyrite (CuFeS 2  powders Kennecott Copper

Sample Freq. 1 GHz 3 GHz 8.5 GHz

Course K' 10.38 9.07 7.37

Meaaina K" 2.32 2.09 2.49

-16 + 20 tan 6 .223 .221 .338

mesh 1.29E-3 3.48E-3 1.18E-2

.64 1.88 6.83

Fine 1' 10.07 6.61 5.83

UCD K" .745 .32 .186

-120 mesh tan 6 .074 .0484 .0319

a 4.14E-4 5.33E-4 M8E-4

.213 .339 .596

The conductivity (0) is exproesed in reciprocal ohm-cea. The
absorption coefficient (a) is in db/cm.

Supramics 1100 Mycal ex

A l e .K 10 0s 
)  

1 0 4 . 1 0 1 1 6 1 0 7 1 o D i s 
%  

% . I

SM,~e : *h, 1 0._4) L 6 .45 6,t0 1 .O , 4 .7 , 1 r .' 4* Z" Lwa 4 .00%U 0"1 .00)11 .OMa A0,00 1))e~ii .eI .Oh tc&

•q 4 IN .011V .000t .01. ..O0 .

IW e, 0.5 1-$) 1.&? ,7.4 &. 6.0 0 ,)Mt ,15)

14 .~& 101 Mi 1 *OO' 0 1 ~.0 ~ .'
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III. ORGANICS

Epoxy compound Allied Resin

T0C Freq., Hz 102 103 104 105 106

25 K' 4.12 4.046 4.009 3.933 3.856

tan 6 .0177 .0111 .0105 .01295 .0152

100 K 4.85 4.518 4.354 4.244 4.125

tan 6 .0779 .0448 .0258 .0202 .0189

Black FM Film American Cyanamid

T0C Freq., GPz 1 3 8.5

25 K t  7.24 6.45 6.06

tan 6 .202 .155 .115

"Teflon"-coated membrane American Durafilm

250C, 3 GHz

K - 3.54 tan 6 - .0071

"Torlon" 2000 Amoco

24 Gilz, 250C
K ' tan6

40% Rel. Hum. 3.605 .0143

Wet 3.97 .0327

"Torlon" 4000 Amoco

24 Glt, 250C
K' tan 6

401 Rl. Huxm. 3.524 .014 A

Wet 3.77 .0282

"Torlon" 4000/Astroquarts Amoco (Whittaker)

24 GW,

TC tan 6 Tc K tan-

23 3.70 .0061 20 3.73 .0097

66 3.7.2 .0065 260 3 52 .0142

119 3.73 .0072 119 3.47 .0076

'17 3.74 .0082
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"Torlon" 4103 
Amoco

8.5 GHz, 25°C

K' 3.605 tan 6 - .0120

"Torlon" 4203 Amoco

8.5 GHz, 25OC
K' - 3.776 tan 6 - .0117

Fluorglass laminate Atlantic Laminates

1.3 GHz, 25°C
K' - 2.515 tan 6 - .00138

Absorber AVCO

1 GItz

Attenuation

T°C C/C tan 6. '/o tan 6m  (db/cm)

-30 6.99 .093 2.38 .949 3.61

-20 7.06 .101 2.37 .979 3.75

-10 7.14 .116 2.36 1.01 3.91

0 7.23 .129 2.36 1.04 4.08

10 7.34 .144 2.35 1.09 4.31
t 20 7.46 .160 2.35 1.15 4.58

25 7.53 .169 2.34 1.165 4.69

30 7.60 .179 2.31 1.184 4.78

40 7.74 .198 2.19 1.22 4.89

50 7.83 .217 2.11 1.25 4.99

Vinyl film 133-24413-L Borden

1b MHY

T°C K' tan 6 T°C Oc tan 6

32.5 2.915 .0496 115.7 4.969 .251

37,5 2.963 .0568 125 5.364 .238

46.9 3.064 .0733 129 5.599 .228

54.5 3.063 .0968 134.2 5.799 .228

66.4 3.328 .170 140.4 6.046 .191

75.7 3,620 .1566 152.2 5.317 .148

81.5 3.748 ,82 1S6 6.423 .133

91.5 3,988 .214 159.5 6.497 .121

99.9 4.302 .237 163.5 6.546 .110

108 4.618 .248

Adhesive, Itj4164 XL5-101 Borden

79 2.41 . 2.69 .0666

89 2.42 .0223 218 2.80 .0671
113 2.47 .6032 255 2.86 .0607

150 2.54 .0511 275 2.90 .0481
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"Astral" 360 polyaryl Carborundum

8.5 GHz, 250C

K' - 3.454 tan 6 - .01215

"Ekkcel" 1 200 copolyester Carborundum

8.5 GHz, 250C
K ' tan 6

Piece 1 3.158-3.183 .00358-.00362

Piece 2 3.268-3.297 .00367-.00289

Polyimide film Carborundum

T C Freq. d.c. 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz

25 K ' 3.50 3.49 3.48 3.44 3.27
tan 4 .00203 .00276 .00541 .00883 .00854
Q >i.E18

100 I' 2.99 2.99 2.98 2.973 2.93
tan 6 .00220 .00179 .00221 .00190 .0011
p 6+3E16

25 K' 2.99 2.99 2.98 2.98 2.94
tan 6 .00202 .00109 .00125 .00144 .00109
p >I.E18 2.98E12

-75 K' 2.98 2.98 2.98 2.97 2.94
tan 6 .00012 .00096 .00126 .00129 .00203
0 >1.E18

200 K' 2.89 2.86 2.84 2.82 2.78

tan 6 .0147 .00729 .00382 .00210 .00135
0 4.3E11 4.21E11

235 p 5.E9
257t Q 5.E8

260 2.2E8

256 K1  38.8 6.46 2.89 2.64 2.56
tan 6 8.24 5,74 2.05 .141 .0145

0 5.63E8 4.85E8
t8 ' K 10.85

tan 6 8.30
0 2.OZ7

300 c' 5.22 9.93 3.36 2.62 2.50
tan 6 30.15 15.4 5.49 .777 .0925
p 1.03E7 1.14E7 1.18E7

As received condition; for al other dpu *=ple was in dry N2 after
bea.sn to 0IC.

Not In ttwIVa' dquilibrium.
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Epoxy/Glass laminate Fortin "No Flow"
"B"' stage pressed into "C" stage Collins Radio

E.Ito sheet El Ito sheet
1 MHz 1MHz I GHz 3 GHz

T°C K' tan6 K' tan 6 T°C K' tan 6 tan6
-55 3.94 .0156 3.73 .0139 -55 3.73 .0058 3.71 .0105

-40 4.00 .0182 3.76 .0162 -40 3.74 .0097 3.72 .0126
-20 4.11 .0223 387 .0212 -20 3.75 .0153 3.73 .0156
0 4.23 .0259 3.97 .0271 0 3.77 .0212 3.74 .0206

10 4.30 .0267 4.03 .0300 25 3.82 .0295 3.78 .0278
23.8 4.43 .0280 4.14 .0336 40 3.87 .0346 3.83 .0323
40 4.60 .0258 4.2; .0370 60 3.94 .041 3.88 .0390
60 4.84 .0239 4.51 .0349 80 4.06 059 3.97 .047
80 5.07 .0227 4.72 .0330 100 4.19 .058 4.08 .0552
100 5.28 .0275 4.87 .0345 120 4.32 .064 4.21 .0636
115 5.42 .0380 5.01 .0387 125 4.39 .067 4.25 .0658
125 5.57 .0452 5.08 .0426

100 MHz

25 4.02 .0339

E II to sheet, 8.5 GHz
o 0TC K' tan 6  T°C K' tan6

-55.5 3.699 .0155 106.0 4.044 .0617
-44. 3.697 .0173 117 4.089 .0650
-.32.1 3.699 .022. 125 4.142 .0673
-21 3.697 .0255 1304 4.184 .0686
- 5.4 3.723 .0294 77 3.912 .0508
14.5 3.723 .0294 62 3.855 .0443
31.5 3.757 .C323 232 3.745 .0304
95.1 4.010 .0531

Epoxy/Glass laminate Mica "N: Flow" 102-68

Pre-preg. pressed into "C" stage Collinis Radio

E I to sheet

1 MHz 10 MZ I MH; 10 Mz

T° C K' tan 6 K' tan 6 T C KI tan 6 ic' tan 6
-55 3.96 .0187 3.93 .0160 50 4.71 .0253 4.48 .0366
-40 4.03 .0225 4.00 .0211 60 4.80 .0242 4.57 .0364
-30 4.10 .0251 4,04 .0225 70 4.89 .0239 4.65 .0360
-20 4.15 .0271 4.08 .0261 80 4.98 .0253 4.75 .0370
-i' 4.22 .0284 4.10 0297 90 5.06 .0277 4.84 .03850 4.29 .0292 4.14 .0301 100 5.17 .0309 4.96 .0403
10 4.36 -0202 4.18 .0322 110 5.29 .0371 5.08 .0423
20 4.43 .0288 4.22 .0339 115 - - 5.15 .0435
25 4.49 .0285 4.26 .0345 120 5.41 .0461 5.08 .0469
30 4.53 .0230 4.31 .0350 125 5.48 .05C9 5.00 .0510
40 4.62 .0266 4.38 .0359
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Epoxy/Glass iaminate Mica "No Flow" 102-68

Pre-preg. pressed into "C" stage Collins Radio

E II to sheet

1. GHz 3 GHz 8.5 GHz

T0C K' tan 6 K' tan 6 T0C K' canS

-55 3.65 .0093 3.63 .0094 -55 3.639 .0117
-40 3.69 .0125 3,65 .0115 -40 3.653 .0130
-30 3.72 .0149 3.67 .0132 -30 3.665 .0142
-20 3.75 .0174 3.69 .0153 -20 3.684 .0161
-10 3.77 .0198 3.71 .0175 -10 3.704 .0182
0 3.79 .0222 3.73 .0200 0 3.721 .0202

10 3.81 .0244 3.75 .0228 10 3.740 .0225
25 3.86 .0279 3.785 .0269 20 3.756 .0249
40 3.89 .0316 3.82 .0313 25 3.765 .0262
0 3.93 .0342 3.855 .0340 30 3.773 .0276

60 3.99 .0373 3.89 .0384 40 3.782 .0292
70 4.05 .0413 3.93 .0425 50 3.796 .0325
80 4.14 .0454 3.985 .0468 60 3.839 .0378
90 4.23 .0467 4.05 .0515 70 3,894 .0449
100 4.33 .0538 4.10 .0560 80 3.959 .0530
110 4.42 .0574 4.15 .0605 90 4032 .0594
120 4.52 .0604 4.21 .0648 100 4.072 .0649
125 4.55 .0624 4.23 .0665 110 4.079 .0667

115 - -

120 4.076 .0691
125 4.082 .0710

Custom Poly-"Teflon" fiberglas Custom Materials

1.3 GHz, 25°C

K - 2.544 tan 6 .00125

Thymo IEastman
Solid. 45C Solid, 25°C

Froq., Hz Kt K" a Freq..Hz K' K"
3 16.44 31.6 5.85E-1I 1.5xi08  2.45-2.52 .0070

10 5.09 12.8 7.11E-1 3x1O 8  .0116
31 4.14 5.12 3.79E-11 5x10 8  .0098
98 3.40 2.14 1.17E-10 1X1 9  .0070

996 2.72 .401 2.22E-10 1.SX!O 9  .0055
9937 2.61 .0570 3.16E-10 2.45x109  .0054

lAlO5  2.62 .00575 3.19E-0 3x10 9  .0062
ix10 6  2.61 .00104 5.80o-0 4.9409 .0104

9.5x406  2.61 .00134 7,07E-9 8.5x09 2.45 .00546
1.zi07  2.61 .00234 2.34E-8 1,4i010  2.45 .0146

2.4x 10 2.45 .030
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Thymol (cent.) Tiqi,5 0C Eastman

Freq., Hz K'K *)" K~i*
meas. fit meas.

10 2 4.61 4.52 4.94 4.94
3 4.249

10~ 4.52 .494 .494

10~ 4.50 .00512 .00502

106 4.50 .00157 .00127

9.5x106  4.50 .0105 .0074

1. 8xl0 4.50 .1!.0200 .0139

1.5X108  4.49 4.51 .136 .115

3x108  4.48 4.49 .257 .228

5X108  4.46 4.44 .369 .369

1x109  4.20 4.24 .650 .652

l.5x109  3.95 3.99 .727 .819

2.45xl10 9  3.73 3.58 .911 .898
9

3x10 3.49 3.40 .804 .872
5X109  3.25 3.04 .675 .689

8.5x109  2.96 2.84 .510 .458

1.4x101  2.83 2.77 .392 .291

2.44c0 0  2.72 2.74 .359 .173

Computer best fit results to parameters of a single relaxator
plus conductance: K*D 2,721, a -2.75E-10, Ks~ - Ko- 1.799;
critical frequency 2.33E9, tau va 6.83E-9 sec.

Silicone rubber absorbers Emersoni & Cung

rrq ma it 10 11 7 1 9 WO

8* *)0 02 02 09 .016 Ali1 .01 .0)) m)?~

tam 4 4 4 .04L I .4 (K 8. Q7.00MA?)'W"

wkO -UM' .061 4.11 140

r 40 1./ 1 ir 3.4 kill 11.4 31) 1 1.1 U4.7
14 0? .0)8 OV 0 ) Q12 00" .0tmz .I74 .000 .01

4 ,0 ', K 059 .10 .40 .761

FUS ,i 7.40 6.01 6.0 , ,4 97 t.) cir 4,))
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Carbon foam absorber Emerson & Cuming

EHD-18-F, 250C

Freq., GHz r K"

1 3.16 2.43
3 2.55 1.17
8.5 1.90 .68

14 1.75 .34

Laminates Glastic Corp.

1 GHz, 250C
K' tan 6

Glastic G-200, buff (nearly NEMA G-10) 5.07 .0192

Glastic TSF, brown (NEMA GPO-2) 4.97 .0142

Glastic UTR, red (NEMA GPO-i) 4.38 .0145

Molded polyvinyl chloride Grace

Grace 252
30 MHz, density 1.41 g/cm3

T C K' K" tan 6 a TO ' K" tan 6  o

21.0 3.032 .0288 .0095 4.81E-7 116.7 3.331 .333 .100 5.56E-6
29.5 3.054 .0299 .0098 5.OE-7 129.5 3.429 .462 .135 7.71E-6
39.3 3.055 .0470 .0154 7.85E-7 138.7 3.601 .751 .209 1.25E-5
66.0 3.076 .0504 .0164 8.41E-7 146.9 3.870 .986 .254 1.646E-5
73.7 3.106 .0666 .0214 1,1lE-6 160.9 4.297 1.39 .323 2.32E-5
89.9 3.127 .0980 .0313 1.64E-6 175.5 4.673 1.615 .346 2.70E-5
104.7 3.252 .1816 .0558 3.03E-6 180.5 4.906 1.667 .340 2.78E-5

Molded co-polymer of polyvinyl chloride Grace

Grace EM 134, 30 IHiz, density 1.35 g/cm
3

T0C K' K " tan 6  a T°C K' K" tan 6  a

21.1 2.891 .054 .018 8.91E-7 121.0 3.229 .398 .123 6.64E-6
32.5 2.899 .035 .012 5.8E-7 129.3 3.326 .505 .152 8.42E-6
41.5 2.908 .0387 .013 6.5E-7 138.3 3.55 .674 .190 1.12E-5
59,9 2.932 .0553 .0189 9.2E-7 142.9 3.66 .825 .226 1.38E-5
64.9 2.940 .058 .0198 9.7E-7 147.6 3.832 .945 .247 1.58E-5
71.3 2.973 .0694 .0234 1.16E-6 163.7 4.48 1.49 .332 2.49E-5
82.9 3.007 .0903 .0300 1.51E-6 166.3 4.62 1.52 .328 2.53E-5
95.5 3.040 .129 .0426 2.17E-6 170.0 4.78 1.62 .338 2.71E-5
111.1. 3.134 .272 .O866 4.53E-6 175.0 5.06 1.73 .341 2.89E-5

Dioctalphalate, Hactol 101 Hatco

Liquid, 250C
I Glz 3 GBz 8.5 GHz

K' 2.74 2.645 2.59

tan 6 .109 .0635 -0438
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Niax polyol, 10 -ring 130, liquid MI 7, Mech. Eng. Dept.

TCDF Freq., kllz Kt

765.4 1 8,80 9.08E-9
81.4 1 - 1.255E-8
93.7 1 -1.47E-8

105.2 1 - 1.90E-8
10-8.5 10 7.94 2.31E-8
125.2 10 -3.03E-8

134.8 10 -3.29E-8

141.5 10 7.81 3.40E-8
149.7 10 - 3.50E-8
159.7 10 -3.49E-8

Niax polyol W137D408, liquid, clear MIT, Mech. Eng. Dept.

Same, with carbon
T 0C Freq., kHz K' ar Freq., Ez K'a

74 1 9.85 3.45E-8 751 1. .2
74 10 8.37 3.76E-8 90.5 1 - 6.18E-8
74 100 7.96 5.09E-8 96 1 - 7.08E-.8

885 1 - 4.65E-8 101 1 - 7.84E-8
106.5 1 - 6.32E-8 105 10 9.12 8.55E-8
127.2 1 - 7.89E-8 114.8 10 - 1.04E-7
141.2 1. - 8,74E-8 123 10 - 1.20E-7
152.9 10 - 9.43E-8 130.4 10 - 1.32E-7
167.1 10 - 9.55E-8 140.5 10 1.L48E-7
171.4 10 - 9.61E-8 147.5 10 - 1.57E-.7

154 10 - 1.65E-7
167 10 - 1.80E-7
170.9 10 - 1.86E-7

Isocyanate, SF-52, liquid MIT, Mech. Eng. Dept.

TF K'

83.7 14.7 2.49E-9
96 - 6.28F.-9
105 - 81SOE-9
109 - 9.60E~-9
122 - 1.25E-8
126 - 1.40E-8
132.7 - 1.58E-8
135 - 1.64E~-8
142.7 - 1.6-6E-9
148.5 -2.16E_-8

153.2 -2.3919-8

159.2 -2.74E-8

164.5 3.25E-8
168.7 3.1-
170 11.9 3.85E-8
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Chlorinated polypropylene MIT Mech. Eng.

22% total chlorination on surface of pellets about 2 mnm diam.,
compacted sample (#38-1)

18 MHz

T C K' K" a T C K' K" G

20 2.58 .0245 2.45E-7 125 2.39 .0360 3.61E-7
35 2.62 .0252 2.52E-7 133 2.37 .0324 3.24E-7
49 2.62 .0351 3.51E-7 138 2.36 .0322 3.23E-7
63 2.60 .0414 4.15E-7 142 2.36 .0325 3.25E-7
79 2.55 .0440 4.41E-7 148 2.49 .0291 2.92E-7
92 2.49 .0428 4.29E-7 152 2.51 .0306 3.06E-7
100 2.47 .0421 4.22E-7 159 2.55 .0295 2.96E-7
115 2.40 .0376 3.76E-7

For additional data on chlorinated polyolefins see Ph.D. Thesis of

Lewis Erwin, Mechanical Engineering Department, MIT, 1976.

"Teflon"-fused quartz laminate Philco-Ford

8.515 GHz, 230 C (Lincoln Lab.)

K' - 2.35 tan 6 - .00052

"Rytron" R4, polyphenylene sulfide Phillips Petroleum

8.515 GHz, 25°C

K' - 4.01 tan 6 - .0052

"Teftel," 20% glass reinforced RCA

At 250C

Freq., Ift 60 lE3 lE6 1E9 3E9 lElO

KI 2.98 2.97 2.96 2.94 2.93 2.92

tan 6 .0018 .0021 .0057 .0175 .016 .0142

15% TFE, polyphenylene sulfide

Kv' 3.01 3.00 2.99 2.99 2.99 2.98

tan 6 .00062 .00090 .00064 .0018 .00365 .0055

15% TV6, polyoulfone

K 2.96 2.92 2.88 2.85 2.84 2.83

tan 6 .0022 .0011 .0042 .0044 .0053 .0062

Solithane No. I Thiokol

1 OUE, 250C

K ',2.632 t.n 6 .0244

40I ' 4o



Composition B U.S. Army

915 MHz 2450 1iz

T°F Kt tan T°F K' tan6

80.8 2.832 .00273 81.5 2.779 .00191
84.8 2.829 .00298 84.7 2,781 .00218

89.2 2.830 .00363 886 2.780 .00251
97.1 2.831 .00408 97.0 2,781 .00296

109.5 2.833 .00496 1C.5 2.784 .00357
121.3 2.834 .00563 121.5 2.783 .00426
133 2.836 .00640 133 2.780 .00491
146.7 2.841 .00740 146.8 2.784 .00601
158.2 2.855 .00895 158.9 2,791 .00744
159.4 2857 .0092 159.5 2.806 .00788
160.8 2.86S .0097 159.5 2.808 .00805

p, 161.9 2.871 .0096 160.6 2.848 .0084
167.2 2.915 .0131 161.9 2,855 .0088
170.2 2.945 .01S3 164.2 2.864 .0095
170.2 2.948 .0158 166.7 2,871 .0107
170.2 2.949 .0162 167.2 2.875 .0108
170.2 2.951 .0167 170.2 2.905 .0143

e Minol A

915 MHz 2450 MIz

K' tan K' tan 6

80.1 6°26 .0280 5.52 .0316
89.3 6.27 .0283 5.52 .0320
97,7 5.29 .0291 5.53 .0324
107.2 6.30 .0304 5.54 .0333
110.6 6.30 .0316 5.54 .0336
125.9 6.J5 .0327 5.57 .0343
135.6 7.03 .0346 6.07 .0408
144.4 7.09 .0366 6.11 .0424
153.4 7.14 .03I6 6.14 .0449
162.6 7.19 .0415 6.18 .0468
167.2 7.21 .0 *22 6.20 .0481
171.9 7.26 .0442 6.23 .0507
176.4 7.66 .0599 6.56 .0767
181.4 8.27 .107 N7.10 ".116

"Tritona1" RIO Contamiuated, 915 MHz

, F 10 tan T°0 F K' tan 6

1:7.6 5.51 .0355 146.3 5.28 .0551
83.4 5.51 .0370 155 5.30 .0570
91.4 5.48 .0390 159.7 5.36 .0582
101.4 5.46 .0407 163.8 5.45 .0606
110.3 5.43 .0433 131,7 5.33 .0524
119.1 5.38 .0464 110 5.29 .0461
128 5.33 .0481 89,7 5.26 .0399
135.9 5.29 .0511
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"Tritonal" at 2450 MHz U.S. Army

T F K' tan 6 T0F K' tan 6

82.3 4.99 .0175 155.6 5.04 .0313
91.3 4.97 .0187 161.4 5.05 .0317

100.4 4.97 .Li94 164.6 5.05 .0332
109.7 4.96 .0204 168.6 5.06 .0335
118.7 4.95 .0218 173.5 5.09 .0356
123.4 4.94 .0225 177.8 4.16 .0544
127.8 4.95 .0239 177.8 4.03 .0569
132,4 4.94 .0242 180.1 2.65 .140
141.7 4.99 .0277 180.1 2.61 .148
151.2 5.01 .0297

TNT, triniticotoluene U.S. Army

915 MHz 2450 MHz

T0F K' tan 6 T0F K' tan6

83.4 3.123 .00212 83.4 3.102 .00183
97 3.127 .00282 97 3.104 .00214
107.5 3.132 .00316 107.5 3.108 .00234
120.4 3.135 .00360 120.4 3.111 .00253
129.3 3.137 .00366 129.3 3.112 .00272
138.6 3.140 .00400 138.6 3.113 .00295
145.1 3.141 .00449 145.1 3.112 .00328
152.2 3.142 .00523 152.2 3.115 .00376
156.8 3.150 .00597 156.8 3.123 .00443
161.4 3.157 .00736 161.4 3.125 .00496
163.8 3.168 .00919 163.8 3.130 .00697
166.4 3.181 .0117 166.4 3.137 .00898
169 3.209 .0172 169 3.153 .0128
170.8 3.231 .0214 170.8 3.167 .0165
173.6 3,319 .0374 173.6 3,204 .0218
173.4 3.645 .0937 173.6 3.210 .0255
180.6 3.677 .0973 173.6 3,221 .0296

178.4 3,370 .0639
180.6 3.382 .0709

U.C. 8950-24-3 Union Carbide

24 GHz (Whittaker)

K' tan 6

22 C Ambient 3.145 .0083

24 C Wet 3.26 .0165

Ferro/Fterimid 581 Astroquartz Whittaker

28Z resin wt., 1.8% voids
Measured at 8.5 G, water soaked, after 24-hour boil

TOP K' tan1 Top K' tmn

73 3.627 .0093 400 3.587 .0078
206 3.661 .0087 500 3.532 .00764
300 3.650 .0083
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Ferro/Kerinid E glass

26% resin wt. .3% voids Whittaker
Measured at 8.5 GHz, water soaked after 24 hour boil

T 0F KI tan6 T F K? tan 6

64 5.145 .0107 398 5.195 .0112
200 5.212 .0109 499 5.242 .0106
300 5.218 .0109

Hexcal F-178/E glass Whit taker

42% resin wt., 2% voids
Measured at 8.5G" water sokdafter 2''-hour boil

T F K' tan 6  TF K tan 6

73 4.454 .0150 400 4.524 .0218
200 4.504 .0167 498 4.323 .0214
300 4.512 .0185

liexcel F178/Astroquartz 581 Whittaker

34.4 to 37.4% resin wt., 0.6 to 1.6% voids

T0 F Kt' a T 0F K' tan 6

75 3.572 .0148 400 3.558 .0210
199 3.622 .0167 500 3.441 .0222
261 3.601 .0165 75 3.385 .0064
310 3.533 .0190

Experimental P1/Quartz Whittaker

Brunswick-BP1 373581 Astroquartz
Measured water soaked after 24-hour boil

8.5 GHz 24 '2Hz

T0F Ic tan 6 T 0F K' tan 6

71 4.498 .0714 73 3.86 .0924
200 4,491 .0330 147 4.09 .0725
300 3.835 .0228 248 3,63 .0228

5 min., 300 3.740 .02005 345 3.42 .0087
400 3.341 .0133 432 3,,37 40118
500 3.237 .02216 500 3.36 .0130
75 3.349 .0040 73 3.35 .0045

VD 753/Astroqurts A 172 Whittaker

24 GUI, dry

Top KI tan 6  TOp a

23 3.16 .00227 177 3.205 .00242
66 3.17 .028221 3.213 .06

121 3.19 .00295 260 3.23 .00292
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PD 753/Astroquartz A172 Whittaker

24 GHz, water soaked after 24-hour boil
0 0

T F K' tan6 T F K' tan6

73 3.093 .01154 428 2.92 .0037
163 3.08 .0048 502 2.90 .0033
250 3.04 .0047 79 3.07 .0027
351 2.99 .0053

Skybond 710/Astro quartz 581 Whittaker

21% resin wt., 9.4'% voids
8.5 GHz, water soaked after 24-hour boil

T F K' tan 6 T F K' tan 6

69 8.83 .2097 300 3.190 .0248
200 7.219 .0573 398 3.035 .0070
200, 1 min. 7.152 .0638 500 2.909 .0072
200t 2 min~. 6.972 .0632 76 3.151 .0024



MATERIALS AM) COMPANY INDEX

"Acrawax" C, IV-56

Acrylate resins, IV-34,35; V-10 "A1SiMag" 719, P.R.-6
Acrylonitrile-butadiene "AlSiMag" 754, P.R.-40

copolymer, !V-53 "AlSiMag" 772, 9-24
A.C. Spark Plug, 9-24 "AlSiMag" 5050, V-234; VI-44
Admiralty Iaterials Laboratory's Alumina (including porcealains), IV-6,

silicon nitride, ceramic, P.R.-100 IV-6,96-00; V-1-4,21-23,30-52;
AFC Alumina, V-21 VI-7-21; P.R.-5-37; 8-1-3; 9-24
AF Materials Laboratovy's Zircolite, A.C. Spark Plug, 9-24

P.R.-122 "AFC," V-21,30
Aircraft-Marine Products, 'Inc., "Alite," see U.S. Stoneware,

• ""IV-14 ; V-74 V-)I,1-1; VI-20,21
Air Reduction Salei Co., V-20 ".Aivo.:'ox" A-935, A-95u, and
Air Seal, IV-52 A-962, P.R.-5
"Alathon," IV-27,70 American Lava
Alberox Corp., P.R.-5 "A1SiMag" 393, IV-3
"Alberox" A-935, A-950, and A-.¢62, "AlSiMag" 491, IV-6,100;

P.R.-5 V-1,32,33
Alcohols, IV-62 "AlSiMag" 513, V-1,34,35
"Alite" A-389-25 andA-389-P-30, VI-20 "AlSiiag" 544, V-2,21,31

Ar-212 and AP-216, V-21 "AiSiMag" 548, -21,31
AP-312, V-21,51 "AlSIMag" 576, V-2,36,37
APO-512-6 and APO-512-7, VI-21 "AlSiMag" 602, V-21

Alkyd resins, IV-47-49,123,124; "AISiMag" 652, V-21,38,39; VI-8,9
V-112,113 "AlSiMag" 719, P.R.-6

Allied Chemical Corp., P.R.-194 "AlSiMag" 772, 9-24
Allied Chemical fluorocarbon Armour Research, Alcoa, P.R.-7,8

derivative P-IC, P.R.-194 E-11, P.R.-9,10
Allied Resin, 9-32 E-20, P.R.-Il
Allison, William H. and Co., IV-58 A-75, P.R.-15-17
Allyl resins, IV-47,48 A.-76, P.R.-12-14
Allymer CR-39, CR-39 + glass, IV-48 Aitu, P.R.-18
"Alox," National Beryllia, P.R.-31 Centralab 205 and 206, P.R-19
"AlSi ag" A-35, IV-3,80 Carborundwm 1542, P.R.-19
"AlSiMag" A-196, IV-3,78,79 Coors
"AlSiMag" 211, IV-3 AB-2, IV-6,98,99
"AlSiMag" 288, IV-3,81 AD-99, VI-14,15; P.R,-19
"AlSiMaS" 243, IV-3,82; VI-34 AD-995, P.R.-20
"AlSiMaa" 393, IV-3 AL-lO0, V-2,40
"AiSiMag" 495, V-5,59-61 AL-200, IV-6,96,97; V-2,40;"Alimag" 491, IV-6,100 VI-11-13
"AlSi~as" 491 (blue), V-1,32.33 96% A120t 8-1"AISiMag" 505, IV-82 EI-.95, VI-1617
"AlSiMaa" 513 (pink), V-1,3435 KC-2014, P.R.-20
"A1Sifag" 544, V-21,31 RR, P.R.-20
"AlSiMaj" 576, V-2,36,37; PR1-4 Coors-NBS 10F2, P.R.-20
"AlSiMag" 577, V-4,58 Corning
"AlSiM 8" 602, V-21,75 Cori24
"AISIMS" 614, VI-10 P.R.-6 JD-82, V-2,41

"AlSi~ag" 652, V-21; VI2-,9 JB-123, V-2
WD-131, V-2
.18183. 3-2fA1

In thiS indki RO&AO numeaas refor to TalsofDeecrc terials, voim, IV, V,
and VI. P.Lo ref erto Tech. Rp. A&VL-TR-72-39. Arabic uumber 8 refer@ to Tech.
Rep. APM.-TR-74-250, Pt. II. This report is referenced by Arabic number 9 followod
by Me numbers.
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Alumina (cont.) U.S. Stoneware (cont.)
Diamonite AP-212, V-21

B-890, V-2,42 AP-216, V-21
B-890-2, P.R.-21 A-312, P.R.-34
P3142, V-2,43 AP-312, P.R.-34
P3142-1, P.R. 21 "Alite" A-389-25, VI-20
P-3459, V-2,44 "Alite" A-389-P-30, VI-21

P-3530-40, V-3,45 "Alite" APO~512-6, VI-21
P-3662, P.R,-21 "Alite" APO-512-7, VI-21

"Duramic" KT960, 8-1 610, P.R.-34
Frenchtown STD. 30500 F, P.:.-35

4462, IV-6; V-48 Western Gold & Platinum
6096, V-1,48 Al-300, V-4,52! P.R.-36

7225, P.R.-2] Al-300, modified, P.R.-36
7873, V-3,49 Al-400, P.R.-37

General Ceramic AI-500, P.R.-37
ADH-211, V-3 AI-995, P.R.-37

General Electric Al-1000, V-4; P.R.-37
AT-100, P.R.-22 Alumina cement, 8-3
A-919, P.R.-25 Alumina foam, 8-2
A-923, P.R.-26 Aluminum nitride, Carborundum,

A-976, P.R.-27 hot-pressed, ?.R.-l
A-1000, P.R.-Z8 Aluminum oxid,, Linde, single crystal,
A-1004, P.R.-29 IV-1,72; V-1,26-28; P.R.-2,3
"Lucalox," P.R.-23,24 Aluminum oxide, Union Carbide, single

International Pip -i & Ceramic crytal, P.R.-4, 9-24
TC-301, P.R.-30 Aluminm oxiede, muitlrystaitne, see
TC-320-H, P.R.-30 alumina
TC-351, P.R.-30 Aluminum oxide mixtures, VI-50,51; 9-24,25
V-69, P.R.-30 Aluninum silicateu, V-3.6

Kearfott "Alvar" 11/90, IV-34

high-purity, V-3,46,47; P.R.-30 Amber, IV-55
hot-pressed in carbon, VI-18,19 Amber Mines, Inc., IV-55

Knox porcelain, IV-6,100 American Concrete Products, P.R.-!V9
Minneapolis Honeywell American Cyueamid Co., ?l&stico Dev.

A-127 and A-2030 P.R.-31 Labs., IV-21,23,38.46,X12,i18-121;
National Beryllia "Alox," PR.-31 V-8,106,107; P.:,.-159,B.0; 9132
Norton 99.5%, P.R.-31 American Cyanamid C:., 1' -s tics and

7X, V-3,49 Reeins Div., Vl->5
17Z, V-3 Americon Cyanamid, ¢ ;:.ethylated cotton

Raytheon 1959, P.R.-32 molding, P.R.-'
402D, V-3 AmericaA Cyanamid "Cy-;we" 325, P.R.-160

Rockwell foam, 8-2 American Cyanamid, see "Laminac,"
"$itox," V-3 'N4elmac," "Bootle"

Stestit-Magnesia A.G. A-18, American Cyanamid 405 resin, V-8
P.R.-32,33 American Durafilm, 9-32

Stupakoff 13 American Feldmchlo (oxp., V-21,30
1510, V-3,51 Amorican Lava, IV-3,4,6,Th-82,88-93,100;
1540, V-3,50 V-l,4,5,21,11-37,58-61,75,234;
1542E, V-3 VI-8-10,34,4'4; P.R.-6,40
1.542P, V-3,50 Axaerican Lava, see "AlSiIag"
1550, V-3,50 American Optical Co., IV-9; ?,.-?7,8

U.S. Stonware Ama-ican Optical Ame'sil, P.R.-82
A-212t P.R.-34 American Optical, khosphate Blasm,
t-216, P.R,-34 IV-9; P.R.-77
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P-iericAn Phenolic Corp., see Amphenol Bakelite Cc p., IV-15,16,20,27-29,
American Smelting and Refining Co., 36948,57,58,64; V-12; P.R.-180

Aniersil, clear, translucent, P.R.-82 "Bakelite" BM1-250, BT-48-306,
Amicon Corp., P.R,-160 BM-16981, and BM-16981
Anicon Corp., conformal coating pov'der, IV-16

1517-36-3, P.R.-160 "Bakelite" BR S-1.6631 + glass, IV-48
Ammonia, 9-25 BYI-17-85 + glass, IV-16
Ammonium dihydrogen phosphate, IV-l PLLA-5005, V-12
Amoco, 9-32,33 "Bakelite" polystyrenes, IV-36
Aniphenol Corp., IV-28; P.R.-161 "Bakelite" poly-iinyl chloride-
Amphenol Corp., polyethylene, acetate, s,,e "Vinylites"

irradi.ated, P.R.-161 Balata, precipitated, IV-51
"Amlifilm," IV-14; V-74 Balsa wood, The Sippican Corp.,
Anil ine-f oi. aldehyde resins, IV-21 P.R.-192
Apat.te, P.R..426,127 Barium fluoride, 3ingle crystal,
"Apiezon" Wax NW," IV-56 P.R.--38139
"Araldite" Adh-sive, Type I Barium-strontium titanate, I.V-5,6

(nacural and silver), IV-50 Barium titanate, IV-5; V-1
"'.ra ldite" casoting resin, Type B3, Ba'rium titanate and plastic

IV..49#425 mixtures, IV-43
"Araldite" casting r, in G, IV-49 BAsalt, Nawaian, high-deaisity, P.R.-136
"Ara~cite" E-134, IV-49 low-density, P.R.-137
Argus Chemical Corp., U.S. Per- deep ocean basalt, P.R.-137

o~vg'i Di., P..197Basalt, synthetic, P.R.-3
Armur Researchi, P.R.-7-18,198 Batelle ">emori-al Institute, P.R.-45
"Arco lor" 12 ki, 1232, 1242, Battelle boron nitride, hct-preased.

1248, IV-63 P.R.-45

-2O 122D44,14 eef steak, lean, frozen and vacuum
1L268. 4465, 5460, lV-45 dried, P.R.-199

Armour Resear-ch, alumninum Beebwax, white, yellow, IV-57
oxide, P.R -7-'s "Beetle" resin, IV-23

Asbestos, IV-13 Bell Tolephont Laboratories, WV-3,.83;
Asbeatoo filled pla.~tics, IV-16; V-56,57; VI-28,29; P.R.-72

V-8.9,64,85096,97 Bell LOGs. F-66, IV-3,83; V2-56,57;
Asphalt pavement end asphalts, .- 7

P.R.-156 Renotoite, P.R.-l27
Aenhaltri and esmen'. IV-56 IetneV-;V-.74
Astropbyllitia, PR. 27 Benzenes &ud diphenyls, chlorinatee,
"Autroquartz," 8-46,47; 9-42-44 IV-63
"Atlac" 332, V- 1, 12 Benens, chloro-, IV-64

Atlantc L ixate&, 3-.25-0 9-33 DenzoSU4n=4~ne-forma.Vehyde resin, IV-22
AtlaM Pow.der Co. , V -11, 12 'YBerlox," DeO, Pt~~'
Attevvator Material-., 1I-43-45; Beryl, P.R.-128,129

V-,,5.7.' ,22,234-244; Beryllia, IV-6; V-21.24.52,53; Vi-2.1-27;
VI-44,43; P.TR.-79,80,81, P.R.-39-43
148,175 Americsn Lava "AISIflag" 754JP. ~-40

AVCO abso~rber, 9-33 Beryllium C'nrp., hot-pressed,
AVCO Rritarch, P. R. -l 162 1~
AVCO "suearch, polyvinrlidene crucible grade, V-21.52

fluoride, P.R.-161 Brush B3-6, P.tR.-40
Aviou~n Corp., P.R.-162,1.63 B-7-6, P.R.-4O
Avisun polypropy1.a., ia~ural Dl-7-37, P.R.-40

and plAt~able, P.R.-162,.63 cold-pretveA, VI-24,25
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Beryllia (cont.) Union Carbide & Carbon (cont,)

Brush (cont.) hot-pressed IID-0025, VI-48,49
F-i, P.R.-41 HD-0056, P.R.-54
hot-pressed, VI-22,23 HD-0086, P.R.-54
sintered, VI-26,27 HD-0092, P.R.-55

Coors BD-98, P.R.-41 HD-0093, P.R.-55
National Beryllia "Berlox," PR.-41 HD-0094, PR.-55

cold-pressed, P.R.-41 Boron nitride alloys and mixtures,
North American translucent, V-6,79; VI-50,5; 9-24

P.R.-42,43 Boron nitride, yarn, 8-5
Norton, IV-6 Borosilicate coating, 8-19

Beryllium Corp., The, V-21,52,53 Brand-Rex Co., IV-40; VI-ll,105;
Beryllium oxide, multicrystalline, P.R.-181-183

see Beryllia Bread and bread dough, P.R,-202
Beryllium oxide + silicon-nitride, Bromund, E. A., and Co., IV-57

8-4; 9-25,26 Brown Univ. silicon single crystal,
Beryllium oxide, single crystal, P.R.-7P

Electronic Space Products, P.R.-39 Brunswick Corp., Defense Froducts
Beryllium o thosi'ictte, single Division, P.R.-95

crystal KSC 7013, Electronic Space BrunaVick slip-cast, SiO2 , P.R.-95
Product., P.R.-44 Brush BeO

Biphenyl, diiasopropyl and mono- B-6, P.R.-40

isopropyl, V-19 B-7-6, P.R.-40

Biphenyls, chlorinated, IV-15,63,64 B-7-37, P.R.-40

Birch plywood, P.R.-193 cold-pressed, VI-24,25

Bismuth silicate ceramic, P.R.-44 F-l, P.R.-41

Bitumen, natural, IV-56 hot-presned, VI-22,23

"Boltaron" 6200-10, V-10 sintered, VI-26,27
"Boralloy," P.R.-50,51 Brush Electronics Co., IV-i,73
Borden film and adhesive, 9-33 VI-22,27; P.R.-40,41
Boron nitride, V-6,76,77; VI-48,49; Budd Company, The, P.R.-164,165

P.R,-45-57 Budd copper-clad laminate, PElf53
Boron nitride, density effect, P.R.-45 P.R.-164,165

Boron nitride, Battwllw, hzt-pressaed, Budd DiClad-522, polytetrafluoro-

P.R.-45 ethylene, fiberglas laminate,

Carborundum, hot--preased, 1956, P.R.-163
V-6,76 Buns S (GR-S) and compounds, IV-51

Carborundum, hot-prussed, Grade A, Bureau of Standards casting resin, TV-4t

P.R.-47 Butadiene-acrylonitrile copclywer, IV-5,

Grade HP (1962), P.R.-46,48 Butadiane, chloro-, IV-53,62

Grade H, P.R.-49 Butadiene-styrone copolyeer, IV-38,52

Carborundun, hot,-pressed w-th "utver," low OH and 55/98, IV-34
BN fibero, 8-5 n-Butyl alcohol, IV-62

High-Temperature Matericsl, Butyl rubbers, IV-52
pyrolytic, P.R.-50,51 Butytaldehydt, IV-V,

National Carbon, see Union Carbide
2 sud Carbon Cable oil 5314 and PLI01270, IV-65

Ptaytheon, pyrolytic, P.R.-52,53 Cadmium telluride, ITRZAN 6, 8-6

Union .arbide & C rbon, pyrolytic Calcite, P.R.-58
(see Ifigh-Te.parature Materials) Calcium carbonate, siVl4e crystal
py-lytic laminate, P.R.-54 Mineral, P.R.-58
cold-preised, P.R.-57 Calcita fluoride, single crystal,
i htot-prased W, (-26 V-1; P.R.-59-61

H ,P.R-56 MIT, LIR, V-1,.N, P.R.-57 !Q.T, Crystal Ph. -a Leh., P.R.-S9
HIT, Carmies Lab., .R.-60

iX turea vith "Teflou," V-Yn
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calcum ulfae, -23Central Scientific Co., IV-56
calcum ulfae, -23Ceradyne 1603, 1605, 1597, 1595, 9-24

Calcium titanate, IV5rIV-6 "Cerani" 61-1, V-5,65
California Research Cor, V6 "Ceram" 61-2, V-5,66
Candy and Cc.,~ Inc., IV-57 "Ceramn" 61-3, V-5,67
Cantol Wax Co., IV-59 "ea"6-,v66
"Carberlox," National Beryllia, P.R.-80 "ea"6-,V66
Carbon, diamond, V-1 "Ceram" 61-5, V-6,69

Carbon and plastic mixtures, IV-32,41; Ceramics for Industry, P.R.-148
V~-39,40Ceramics for Indu8try

Caron etrchlrid, I-62CFI 1003, CFI 1006 attenuator

Carbonyl iron and plastic mixtures,maeilPR-4
V-I15 Cerese Wax AA and brown, IV-57

Carbrunum o., heV-676;Ceresin, white and yellow, IV-57

VI-46,47; P.R.-l,19,46-49,79,166; Cer.lordcraiMILR
8-5; 9-34 Ceiu.romieV-

Carborundumn "Astral," 9-~34CeimbodV-
Carborundum boron nitride, Grade ACesium iodide, V-56

Grade HP, and Grade M, P.R.-46-49 CtlctmdI-5
hozt-pressed, V-6,76,77; 8-5 Chalcopyrite powder, 9-31

silicon nitride alloy, V-6,79 "Chemelac" M1405, M1406, M1407, M1411,
Carborundum 'ikkcel" 1 200, 9-34 and M1412, IV.-32

Carborundum 1FK0NOL (po)lyester resin), "Chemelac" M1414, IV-32; V-241

P.R.-166 "Chemelac" H1418-2, M1418-5, I1422,

Carborundum sili'zon carbide, P.R.-79 and M1423, IV.-33
Carboundu 154, ?~.-l9"Cheinelac" B-3, IV-56
Carb~ununi"Casolat,"8-3Chemplast, Inc., P.R.-166

Crc-nu Csof ea, 8-l l Champlast "Zitex," low-density poly-
Catain Crp.tetrafluoroethylene film, P.R.-16636,39,119 Chlorinated benzenes and biphenyls,4 ~~"Catalin" 200, 500, and 700 base, Vl,36;V-88

lV-16,17
"Catalin" 8012, TV-39,1l9 -chloroethyl-2 ,5-dichlorobenzene, IV-64

"Catalin" EK 2784, 1V-39 Olorostyrenes, ortho and para, co-ICelanece Corp. of America, IV-24, polymer, IV-42
25,114,115; V-9,10,12,90 Chlorotrifluoroethylere dimer, trim'er,

V-1.8
Celaese R-31, M-33C MX-86,Chlorotrifluoroethylene tetrauer, penta-

and MX-210,V-12
Cellular Rubber Products, Inc., pentamer, hexamer, V-19

4IV-51 Chromium oxide, Linde, single crystal,

Cellulose acetate LL-1, IV-23 P.R.-62

Cellulose acetate + plasticizer, IV-24 Ciba Co., Lnc., IV-21,49,50,125;

Cellulose acetates, IV-13,24; V-9 P.R.-108.180

Cel-'ulose derivatives, IV-23-25; Ciba epoxy resins, IV-49,S0,125; P.R.-180

V-9,90,91,92; P.R -159 "Cibanite," IV-21

Cellulose nitrate and camphor, IV-25 Ciba tantalum oxide, optical grade powder,

Cellulose propionatic, V-2 5 ,11 4 ; PR-0

V-9, 90 Climax Molybdenum Co., VI-45

Cellulose triacetate ("1CTA"), V-9,92 Cl~noeOteatita, see i~agneiiium meta-

Cements &aid asphalt%, :V-56 silicate
Cements, alwnina, 8-3 Coal, powdered, P.lR.-191

single lump, P.R.-192

Cencoral oti, V5 Coati'ig, boroilicate, 8-19
Centelab; P..-19Cobalt ferritc, MIT sampica, V-1.36,177,206

almia 205,206. .*1
steatites 302, 400, 410, 452, Cobalt oxide, P.R.-63

IV-3,84-87 cobalt-nickel oxide, mi xed crystal,
Centala, Di., lobeUnin, Ic.,MIT Crystal Physics Lab., P.R.-63

Centala~ Di., ~obeUn~~, Ic.,Coffee, P.R.-202
iV-384-7~ P.R.-l9Collins Radio, 9-35,36
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Columbia Univ., P.R.-75 Corning Glass (cont.)
Columbia University manganese fluoride, 7900, 7911, IV-10,103; V-5,64; VI-35

tetragonal crystal, P.R.-75 7940, P.R.-83
Components and Systems Lab., see 7941, P.R.-96

U.S. Components and Systems Lab. 7971, 8-19
Composition B, 9-41 Corning 7945 multiform glass, P.R.-96
Concrete pavement, P.R.-157 Corning Glass Nos. 8460, 8830, IV-10
Concrete, artificial, P.R.-159 8603, V-5
Condex Co., 8-26 8871, 9010, Lab. No. 189CS, IV-11
Conformal coating, Amicon Corp., Corning Glass Code 9606, VI-42,43;

P.R.-160 P.R.-149
"Conolon" 506, V-8 Corning Glass No. 1I9BUC, P.R.-89
Continental Diamond Fibre Co., Corning Glass Works, IV-9-II,26,41,42,

IV-18,19,21,26,27,31,32; V-8,i2, 102,103; V-2,5,6,41,62-71; VI-35-43;
14,80-83,88,93,104,1C8,114 P.R.-83,89,96; 8-19

(now a division of the Budd Co., Cotton molding, Amer. Cyanamid, P.R.-159
see alao Budd) Crepe, pale and compounds, IV-51

Cooking oil, Kremax, Armour, P.R.-198 Cresylic.-acid formaldehyde resins,
Coors alumina IV-18,19,68,70

AB-2, IV-6,98,99 "Crolite" No. 29, IV-4
AD-99, VI-14,15; P.R.-19 "Cronar," V-13,109
AD-995, P.R.-20 Crowley Co., polyiron attenuator, P.R.-167
AL-100, V-2,40 Crowley, Henry I. and Co., Inc., IV-4,7;
AI-200, IV-6,96,97; V-21; VI-11-13 V-217-219; P.R.-167
96% A1203 , 8-1 "Croaloy" 20, IV-7; V-217
EI-95, VI-16,17 "Crowloy" 70, IV-7
MC-2014, P.R.-20 "Crowloy" BXII4, IV1-7; V-219
RR, P.R.-20 Crystals, inorganic, IV-1,2,72-77;
NBS 10F2, P.R.-20 V-1,26-30,133-135; VI-2-6; P.R.-2,4,

Coors BeO BD-98, P.R.-41 38,39,44,58,59,60,62.63,65,66,68,77,
Coors Porcelain Co., IV-6,94-99; V-2,21; 78,80,81,103-105,106,107,109,115,117,

VI-1l-17; P.R.-19-20,41 123-134
Coors Spinel, 8-12 Crystals, organic, IV-15
"Copolene" D, IV-28 Custom Materials, Inc., P.R.-167; 9-36
Copper halides, pressed powder, MIT, LIR Custom tMaterialu, Load 4101, 707-4,

copper bromide, P.P.-63 707-(3.75), P.R.-167
copper chloride, P.R.-63 Cyanurate ester resin, 8-45
coppor iodide, P.R.-3 "Cymac," 325, VI-65; P.R.-160

Cord.erite, P.P.-67
"Corfoam" 114, IV-19 "Dacron"-filled plastics, V-8,10,12,
Cornell Aeronautical Labs., IV-48,124 14,110
Cornivg alominas "Darex" No. 3, 43E, X-34, X-43, IV-38

JD-40, JD-82, JB-183, V-2,41 "DeKhotinaky" cement, IV-56
JB-123 and W.D0131,V-' Dalaware Research and Development

* Corning Fototeram, VI-40,41 Corp., V-9
Corning Focoform, VI-36-39 Dennison Mfg. Co., XV-58

* Corni j GIaes Code Nos. 0010, 0014,6080, Desert sand, P.R.-143
0090, 0100, 0120, 0330, 1723, 1770, 1 Dewy and Alry Ch~zlcal Co., Orgauic
1990, 1991, 3320, 7040, 7050, IV-9, Chemicala Div., IV-38

102; P.R.-896149 "Diala" Oil, IV-66
7052, 7055, 7060, 7070, IV-10,102; "'Dlalite" 55 P687 lamirnte, 8-35

V-62,63; Diallyl phcyl p hoephenate resin, IV-48
J 7052, 7056, 9-29 Diwwod, V-i

7230, 7570t 7720, 7740, 7750, TV-10 Diazonite Products Div., U.S. Ceramic
Tile Co, V-2,3042-45; P.R.-21
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'Diamonite" B-890, 7-'2,42 Dow Corning Silastics
B-890-2, P.R.-21 120, 125, 150, 152, 160, 167, 180, 1

"Diamonite" P-3142, V-2,43 11ad20 V5,2
P-3142-1, P.R..-21 6167, IV-55,126
P-3459, V-2,44 6181, X4342, IV-55
P-3530-40, V-3,45 E10 4;82
P-3662, P.R.-21 XF6620, IV-55; V-20

Diatomaceous-earth ceraic, IV-6,10. X6734 and 7181, IV-55
Dibutyl sebacate, IV-62 RTV 501, 521, 1602, 535,0, S-6538,
Dichloronaphthalenes, t.aixture oi~ the P.R.-168

1,2-, 1,4-, andl,5-isomers, IV-58 Dow Corning "Styrofoam"2 FR, 8-26
Dichioropentanes Nos. 1.4 and 40, IV-63 Dow Corning "Sylgard" 182, 184, and
2, 5-Dichiorostyrene, IV-64 DC-92.007, P.R.-I.68
DI-CUP, P.R.-196 "Sylgard" 188, 8-27
Diisopropyl biphenyl, V-19 Dow C-244, IV-36
"Dielectene" 100, IV-21 Dow experimental plastic Q-166, Q-1664
"Dilecto" (hot punching) XXX-P-26, fiberglas, Q-200.5, IV-39

IV-19; V-80-81 Iv1;Dow experimental plastic Q-247.1, IV-3E
"'Dilecto"l ("Mecoboard"), IV1;Q-344, IV-40

V-82, 83 Q-40 6, IV-37,117
"Dilecto" GB-112S, IV-27 Q.-404, IV-42
"Di1ecto" GB-112T, IV-31,32; V-104 Q.-475.5, IV-40
"Dilecto" CB-116E and GB-126E, V-14 Q-764.6 andi Q-767.2, IV-37
"Dilecto" GB-181E, V-.14,114 Q-817.1, IV-37,117
"Dilecto" GB-261S, IV-26; V-93 "Dowtherm" A, P.R.-194

"Dilecto" OM-P, V-8,8 Dupont, E.I. de Nemours & Co.
"Dilcto GMPE, -12108Electrochemicals Dept., IV-33,64

Dinitrobenzene, VI-77 Film Dept., V-9,13,92; 8-28
Dioctaiphalate, 9-38 Organic Chemicals Dept, (Elastomers
Dioctyl sebacate, IV!-62 Div.), IV-53; P.R.-194
Diphenyl, see biphenyl Photo Products Dept., V-13,109

tz:Dodge Industries, Inc., P.,R.-167 Pigments Dept., IV-4
Dodge Industries YLUORGL' E 650/2-1200, Plastics Dept., P.R.-l69-171,173,174

P.,~-6 8-28-30
Dou Chauic A Co., IV-36-4.?,46,64,J.17; PtyhmalDetI-23,25,27,32,

V-91; P.R.'194 34,35,58.112; V-10,89; VI-58
Dow Chemicatl "Dowthen-i" A, P.R.-194 Textile Fibera Dept., V-8,10,12,14,1
Dow Coruing Cop. TV26,27,41,42,54, P.R.-172; 8-28

55,66,47,126+ V-9,20094,95; Fluorinated others, Organic Chemical

55 an 710 U-T "Kapton," 500 ii film, Plastics Dept.
0ow ornig w~tugcamptaW 06,P.R.-171

Nomex honeycombs, Textile Fibers Dey

9, 6 Min 2101t TV2 "TeflIon" PEP, TFE, T-100, b0OX, 9O35
2I.0, IV-26)27 TEF-7, TFE-.6c, Tedlar, TFL-7A,
2103, V-9,f io R PFA TE 9704, E 0,P

2V~6 V-99~-ltr V-5?Dept., Chestnut Run Lab., TV~-2

'141 VI56 V-58 P.R-17,174 8-8-3

R-75.1, X-5233 "uratic" T-96, 8-



Durez Plastics, Div., Hooker Electro- Emerson & Cuming ferrites; 8-6
chemical Co., IV-17,20 Emerson & Cuming silicone rubber

"Durite" No. 500, IV-17 absorbers, 9-37
"Durite" No. 221X, IV-19 Emerson & Cuming Stycast 2651-40, RQ,
Durite Plastics, Inc., now the 8-40

Borden Co., IV-17,19 Elastomers, IV-51-55; V-127-129
"Duroid" (l" thick sheet), P.R.-184 Electronic Space Systems Corp., 8-31
"Duroid" 5650, VI-59-61 "Elvacet" 42A-900, IV-33
"Duroid" 5850, VI-62-64 "Elvanol" 51A-05, 50A-42, 70A-05,
Dynasil Corp. of America, P.R.-84,96; 72A-05, 72A-51, IV-33

8-12; 9-28 Engineering Research and Dev. Lab., see
Dynasil 4000 glass, P.R.-84; 8-12; U.S. Army Eng. Res. and Dev. Lab.

9-28 EnJay Co., Inc., IV-28,39,50
Dynasil slip-cast, P.R.-96 "Ensolite" M22240, M22239, 3036, IV-31

"Epon" Resin RN-48, IV-50
East Coast Aeronautics, Inc., V-l "Epon" 828, V-16,116-125; VI-68-75;Eastman Kodak Co., IV-15,62; P.R.-186,187

P.R.-67; 8-7,8,11,22,23; 9-36,37 "Epon" X-131, V-16; VI-74-76
"Ecco" L65, V-Il Epoxy resins, !V-49,50,125; V-14-16,
"Eccofoam" FH, Emerson & Cuming, 114,126; VI-67-76; P.R.-180; 9-32

P.R.-176 Epoxy laminates with
"Eccofoam" GL, V-8 "Dacron," V-14
"Eccofoam" HiK (10000 F), V-7 "Fiberglas," IV- -4,16,22,114,

"Eccofoam" HiK (5000 F), V-14,115 124,125; VI-67,72-76; 8-44; 9-35,36
"Eccofoam" PS, V-10 "Nylon," V-14
"Eccogel" 1265, Emerson & Cuming, "Orlon," V-14

P.R.-176 E Resin, IV-50
"Eccosorb" HFXI22, V-13,237 Esno Labor&tories, see Enjay Co., P.R.-195

. "Eccosorb" HFX123, V-13,238 "Esscolam" V2T, 8-31
"Eccosorb" HF155, 1 1680, HF853, Esso "Teresso" oil, V-78; P.R.-195

HFl000, HF2050, V-13 "Estawax," IV-57
"Eccosorb" ?4F110, -112, MF1l4, Ethers, fluorinated, P.R.-194

and MFII6, V-15 "Ethocel'; LT5, IV-25,115; V-91
"Eccosorb" MFI17, V-15,242 Ethyl alcohol, IV-b2
Eggwhite, P.R.-202 Ethyl cellulose, IV-25,115; V-91
EKONOL (polyester resin), P.R.-166 Ethylene Chemical Corp., V-1.0
Electronic Mechanics, Inc., IV-13I08 Ethylene Glycol, IV-62
Electronized Chemicals Corp., P.R.-175 Ethylpoiychlorobenzene, IV-64
Electronized Chemical "Polyguide," "Ferramlc" A, V-159,191,220

P.R.-175 "Ferramic" B, V-160,192,221
Euerson & Cuming, V-7,8#10,11.13-15, "Ferramic" C, V-161,193,222

115,237,238,242; P.R.-175-176; "Ferramic" D, V-162,194,2239-37,38 "Ferraiic" E, V-163,195,224
Emergon & Cuming A-19 attenuator "Ferramic" G, V-164,196,225

material, P.R.-175 "Ferramic" H-1, V-4,166,198
p.. 1Emerson 6 Cuming. carbon foam "Ferramic" H, V-165,197,226

absorber, 9-38 "Ferramic" I, V-167,227
)35, Emerson & Cumiu "Ferramic" J, V-168,199,228

"Eccofoam" FH, P.R.-176 "Ferraic" K, V-169,229
"Eccofoam" GL, V-8 "FerrAmic" N, V-200
"Eccofoem" HiV, (10000 F), V-7 "Ferramic" Q (rec'd Dec. 1953), V-170,230"cofoam" RIK (500oF), V-14,115 "Ferramic" Q (rec'd Aug. 1954), V-171,
"Eccfoam" PS, V-10 201,231

Emerson & Cuming "Eccogal" 1265, "Ferramic" Q2, VI-J2,33
P.R.-176 "Ferramic" Q-3, P.R.-150
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"Ferramic" R-1, R-4, R-5, R-6,P.R.-150 Formica Co., The, IV-17,20,21,25,46,47
"Ferramic" MF874, V-172,202 "Formica" FF-41 (sheet, rod stock),
"Ferramic" 1118, V-173,232 IV-21,68
"Ferrarnic" 1326B, V-174,203 "Formica" FF-55, IV-21,69
"Ferramic" 1331, V-175,204,233 "Formica" G7, G6, IV-25
"Ferramic" 3308, P .R.-150 "Formica" Grade MF-6b, IV-20,68
"Ferramic" 3310 (experimental), "Formica" XX, LE, IV-17,68

V-176; P.R.--l50 "Formica" YN-25, IV-17
"Ferramic" 3321, P.R.-150 "Formica" Z65, IV-46
"Ferramic" 3330, P.R.-150 "Formica" Z80, IV-47
Ferrites and garnets, rV-7; V-4,54, "Formvar," Type E, IV-34

133-204,206-233; VI-28-33; "Forticel" No. 28102, IV-25; V-90
P.R.-150; 8-b "Forticel" JLB-(i), V-9

"Ferrotron" 119, V-17,205,244 "Forticei" JMB-(M), V-9
"Ferrotron" 308, 309, V-18 "Fortiflex" A, V-10
Ferroxcube Corp. of America, V-4 Fortin, 9-35
"Ferroxcube" 105, V-4 "Fotoceram" (843 GU) and (843 CZ),
"Fiberfrax" board, V-6,78; VI-46,47 V-5; VI-40,41
"Fiberglas" laminates, TV-16 ,18,22, "Fotoform" E(843 GU), V-5; VI-38,39

25-"27,31,32,47-50,68; V-8-11, "Fractol" A, IV-66
13,14,16,22,86-88,93-95,98-1.01, Frenchtown Porcelain Co., IV-6; V-3,
104; VI-56,57; P.R.-189-190; 48,49; P.R.-21
9-32,33,35,36,38,40,43 Frenchtown alumina

"Fiberglas" see E glass, Owens- 4462, IV-6;: V-3,48
Corning X994 laminates or resin 6096, V-3,48

Fiber samples, 8-13-18,28 7225, P.R.-21
"Fibe.atos" 2050TVA C-1686, TV-24 7873, v--3,49
Films, see trade anm~es as Croner, Pullers earth, Fouboro, P.R.-141

iiMylar, Kapton, Quantum tape, Furfuraldehyde resin, phenol, IV-19
etc., or cbemical name Fused quartz, IV-ll,104, V-72,73;

Filtered Resin Products, Inc.. IV-56 P.R.-85-87
Fir plywood, P.F%.-193
Float glass, PPG, 8-20 "Gat ite" cast polymer, IV-34
Fluorglas laminate, 9~3 Gasoline, aviation, 100 and 91 octane,
Fluorinated ethers, P.R.-194 V5
Fluorcarbon derivative P-iPR-9 General Aniline and Fili Corp., IV-44
FLUORGIA E 5/-20,PR-6 General Cable Corp., IV-52
"Fluorsint" (1960), P.R.-179; General Ceramics Co., IV-4,8,83; V-3,4,

(1973), 8-35 54,55,159-016J91-204,220-233;
FM film, black, 4-32 VI-32,33; P.R.-150,152,186,177
Foam, alkyd diisocyanate, General Ceramics AflH-211, V-3

chlorinsited, IV-24 BM3-54, V-4,55
epoxy, V-14 7292, XV-4, V-55
polyimide, P.R.-178 General Ceramics "Ferramics," see
polystyrene, IV-37; P.R~.-ISO "Ferramics"
polymethane, P.R..-l79,l1O General Electric Co., IV-63-65

"Foamgle, IV-11 Chemiical Materials Dept., IV-48
Form~aldeh~yde ravins Electronic Components Div., WV-13,

aniline, IV-21 106,107; P.R.-22-29,73,153,154
beuzoguaminea IV-23 Lamp D~iv., IV-11,104; V-72,73
cresol, IV-18019,6807O Plactice Dept,, IV-50; 8-32.,33
w1amtu.e, IV-21,22,112 Silicone Products Dept., IV-5S; P.R..'85-
pheuol, WV-15-1.9,109-111; V40O-87 87,176,177

- phanolaniline, XV-0 Go~eral Electric fused quartz, Type 101,
urO8, V-23 UV-11,104;V-27
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;' General Electric Isomica 4950, P.R.-153 Glastic Corp., IV-47,49; 9-38
General Electric "Lexan," P.R.-177 "Glastic" GF, MM, MP and A-2, IV-49
General Electric F-118, F-202 magnesium "Glastic" S and MF, IV-47

orthosilicate, P.R.-73 "Glastic" G-200, TSF, UTR, 9-38
General Electric Mycalex, P°R.-153,154 "Glastron" rope, 8-26
General Electric silicone rubber "Glastrate" (0-C Fiberglas), 8-42

RTV-II, P.R.-176 Glyco Products Co., IV-56,59
SE900, P.R.-177 "Glyptol" No. 1201 (red), IV-48

General Electric silicone nitride Goodrich, B.F., Chemical Co., IV-29,30
compounds 128, 129, 9-30 Goodyear Aircraft Corp., IV-48; V-8,9,

General Electric uranium oxide powder, 84-87,96-101
9-31 Goodyear Tire and Rubber Co., Plastics

General Mills, Inc., IV-23 Dept., IV-40,51,52
Geon 2046, 80365, 80384, IV-29 Grace polyvinyl chlorides, 9-38
Gilsonite, IV-56 Granite, Quincy, PR.-138
Glass, alakline lead silicate, IV-11 Virginia, P.R.-138
Glass, alkali-silica, IV-12,105; Grease, Dow Corning, No. 4, IV-67

P.R.-93, see also mixed silicate high vacuum, V-20
glass and various glass mfgrs. Grease, "KEL-F" No. 40, IV-63

Glass, aluminum borosilicate, IV-10 Green Refractories, cements, 8-3
aluminum zinc-phosphate, IV-9 Greenstone, Virginia, P.R.-139
barium borosilicate, IV-10 GR-I (butyl rubber) and compound, IV-52
borosilicate, IV-9,101 GS-S (Buna S) and compounds, IV-51

Glass, Dynasil 4000, P.R.-84; 8-12 Gulf Oil Corp., 11-58; VI-84,85
"E," IV-11 Gulf 303 oil, VI-84,85
General Electric 101, clear, P.R.-85-87 Gutta-percha, IV-51
iron-sealing, IV-9,102 Gypsum board, 8-23

Glass, lead-barium, IV-'I
lime-alumina-ailicate, IV-9 Hafnium oxide, multicrystalline,
low alkali, potash-lithia-borosilicate, Zircoa, P.R.-64

IV-10,102; V-62,63 Halite, P.R.-135
mixed silicate, P.R.-89-94 "Halowax" No. 1001, IV-57
phosphate 2043x, 2279x, IV-9 No. 11-314, IV-58
potash-lead silicate, IV-9 Oil 1000, IV-64
potash-soda barium silicate, IV-9 Harbison-Walker cements, 8-3
silica, IV-lO,103; V-64; PR.-82-88 Hardman, H.V., Co., Inc., IV-49,51
soda-borosilicate, IV-9,10 Harshaw Chemical Co., The, IV-l,2;
soda-lead-borovilicate, IV-10 V-1,30
soda-lime-silicate, IV-9,11 Hartwell, N. H. and Sono, Inc., V-10
soda-potash-borosilicate, IV-9 Hatco, Hatcol 101, 9-38
soda-potash-lead-silicate, IV-9 Have& Industries, Iac., Taunton Div.,
soda-potash-lithia-borosilicate, IV-l0 P.R.-153
soda-silica, 1V-11 "Ilavelex" glass-bonded micas:
soda-silicate, P.R.-93 Types 1080, 1090, 1101, 2101, 2103,

Glass, "Spettrosil" A, P.R.-88 2801, 2803, P.R.-153
"Spectrosil" B, P.R.-88 Hawaian soil, P.R.-141,142
"Vitreosil," optical Grade, P.R.-88 Haynes Stellite, Div. of Union tutbide
"Vitraosil," cemarcial gradi, P.R.-88 and Carbon, P.R4-l01

Glass ceramic 9606, VI-42,43; P.R.-149 Heptacosafluorotributyl, IV-63
Glass Lamicoid No. 6038, IV-21,70 Haptane, IV-62
Glars and mica, IV-13,69,106-108; Hercules Powder Co., Inc., IV-23;

P.R.-453-155 V-16; P.R.-196
"lass powder Wnd plastic mixtures, Harcules DI-CUP, dicumyl peroxide,

IV-41,42 P.R.-196
Glasss, IV-9-12,101-105; V-5,6,62-73; VL-,uP. a,a1-bis(t-butyl paroxy) di-

VI-35-43; P.R.-82-944 8-20921 isopropylbosens. P.R.-196
HU'ecynit., 9-30
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Hexachlorobutadiene, IV-62 Kearney, James R., Corp., IV-52
Hexamethyllene-adipamide polymer, "Kel-F," IV-31

IV-23,113 "Kel-F" Alkanes 464, 695, V-18
Hexane, V-19 8126, 10157, 12188, V-19
"H"-film, P.R.-169-171 Grade 300 and 300-P25, IV-31,116
Honeycomb laminates, P.R.-172; 8-41 X200, V-10,102,103
Hood Rubber Co., IV-22 Grease No. 40, IV-63
Hooker Electrochemical Co., IV-62; V-13 oil, Grade No. 1 and No. 3, IV-63
Hooker 32A, V-13 oil, Grade No. 10, IV-63, V-130,131
Houghton Labs., Inc., IV-50; V-15,16,126 wax No. 150, IV-58
Hunson, C. W., V-7 Kellogg, M. W., Co., The, IV-31,58,
"Hycar" OR "Cell-tite," IV-52 63,116; V-10,18,19,102,103,130,131
Hydrocarbon polymer, cross-linked, IV-50 Kennecott Copper, P.R.-191; 9-31
Hydrocarbons, petroleum, IV-65-66; Kerosene, IV-65

VI-84,85 "Kevlar," 8-46
12-hydroxystearin, IV-58 Knox Porcelain Corp., IV-6,100
"Hysol" 6000 and 6020, IV-50 Kodak Co., see Eastman Kodak Co.

6000 HD, V-15,126 Kodak IRTRAN 1, 8-7,8
6030-B, V-15 IRTRAN 2, 8-23
XL-6060, V-15 IRTRAN 4, 8-22
XL-6080, V-16 IRTRAN 5, 8-11

"Hy-tuf" laminate Grade GF181, IV-50 IRTRAN 6, 8-6
"Koroseal" 5CS-243, IV-30

Ice, V-l; P.R.-145-147 "Kralastic" BE, BM, D, EBMU, F, IV-53
Ignition sealing compound No. 4, IV-67 KRS-5, IV-2,76
Instant coffee, powder, P.R.-202 KRS-6, IV-2,75
Instant tea, powder, P.R.-202 Kuhne-Libby Co., IV-57
International Pipe & Ceramic, P.R.-30,72
International Pipe & Ceramic alumina, "Laminac" 4115, IV-46,120

P.R.-30 4-205, IV-46,121
Internationa Pipe & Ceramic steatite, "Laminac" 4232, V-106,107

P.R.-72 PDL7-627 and PDL7-650, IV-46,120
Iron and plastic mixtures, IV-43,44; Laminate BD-44 and BK 174, IV-47,48

V-243 Laminated Plastics, Inc., see Glastic
Iron-minganese oxide and plastic Corporation

mixtures, IV-45 Laminate Gr&de Gll, 8-36

IRTRAN 1, Kodak magnesium fluoride, Laminates and impregnated batts, see
8-7,8 filler or resint

IRTRAN 2, Kodak zinc sulfide, 8-23 Asbestos-filled plastics
IRTRAN 4, Kodak zinc selenide, 8-22 "Dacron"-filled plastics
IRTRAN 5, Kodak MgO multicrystal, Epoxy laminates

P.R.-67; 8-11 "Fiberglas" laminates
IRTRAN 6, Kodak cadmium telluride, 8-6 Melamine GMG
Irvington tape, V-17 "Nylon"-filled plastics
Irvington varnish and Insulator Co., V-17 "Orlon"-filled plastics
Isobutylene-isoprene copolymer, IV-52 Paper laminates
Isocyanate SF-52, 9-39 Phenolic resin plus fillers
Isomica 4950, Gnonaal Electric, P.R.-153 Polyester resin plus fillers

Polystyrene plus fillers
Jet fuels JP-l, JP-3, IV-65; JP-4, V-19 Silicone repin plus fillers
Johs-Fnville, IV-13; P.R.-158 Loncaster Glass Co., P.R.-89-92

Lancaster mixed silicate glasses,
Saisur Rfractories, cement, 8-3 7352, 7357, L1957, L9100, P.R.-89-92
"Upton," P.R.-171 Lanthanum aluminate, single crystal,
Ksarfott alumina, V-3,46,47; VI-18,19 National Lead, P.R.-65
..araott Co., Inc., V-3,46,47; Vl-18,19 Lava, V-21,75
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Lead bromide, single crystal, MIT, Magnesium-aluminum silicate
Crystal Phys. Lab., P.R.-66 (cordierite), multicrystalline,

Lead chloride, P.R.-66 Raytheon, P.R.-67
Lead chloride/lead bromide, P.R.-66 Magnesium carbonate, pressed powder,
Leather, sole, IV-60 P.R.-67
"Lexan," General Electric, P.R.-177 Magnesium ferrite "MIT samples), V-138,
Limestone, P.R.-139 179,207
Limonite, P.R.-135 Magnesium fluoride, IRTRAI 1, 8-7,8
Linde Air Products Co., The, Magnesium-manganese ferrite (MIT

IV-l,2,72,77; V-1,26-28; samples), V-139,140,180,181,208
VI-2,6; P.R.-2,3,62 Magnesium-manganese-zinc ferrite (MIT

Liquids, aliphatic, IV-62,63; samples), V-141,182
V-18,19,130,131 Magnesium manganite, V-4,54
aromatic, IV-63,64; V-19; VI-78-83; Magnesium metasilicate, steatite fired
see Table of Contents of the P.R. to clinoensteatite, multicrystalline,
inorganic, IV-61; V-18 Bell Telephone Labs. F-66, P.R.-72
organic, IV-62-67; V-18,19,20; Intern. Pipe & Ceramic TC503, P.R.-72

VI-78-87; see Table of Contonts Magnesium orthosilicate, multicryst.,
of the P.R. General Electric F-118, P.R.-73

Liquids, petroleum, IV-65,66; VI-84,85; F-20O, P.R.-73
P.R.-195 Magnesium orthosilicate, Steatit-Magnesia
silicone, IV-66,67; V-20; VI-86,87 A.G. Frequanta M, P.R.-74

Lithium fluorine, IV-l Magnesium oxide, IV-l; V-29; P.R.-67-71;
Lithium-nickel ferrite, V-137,178 8-11
Litton Industries, P.R.-117 Norton, single crystal, IV-l; V-29;
"Loalin," IV-36 P.R.-68
Lovell Chemical Co., IV-57,58; V-16 Single crystals, Univ. of Colorado
"Lucalox," General Electric, P.R.-23,24 and MIT, 8-8,9,10
Lucent Products L~td., VI-66 Magnesium silicate, IV-3,78-82; VI-34
"Lucidol," P.R.-196 Magnesium titanate and plastic mixture,
"Lucite" HlC 202, V-10 IIV-43
"Lucite" 104-119 and HH-140, IV-34,70 Magnetite and plastic mixtures, IV-44,45
itLucite," sintered, IV-34 Mallinckrodt Chemical Works, IV-44,
"Lucoflex," IV-30 45,61,62
Lucoflex Plastic Fabricating, lac., Manganeae fluoride, single crystal,

IV-30 Columbia Univ., P.R.-75
"Lumarith" XVA-114 aud 22361. IV-24, Manganese-magnesium ferrite (MIT

25,70 samples, V-139,140,180,181,208
Lunar rocks, Apollo 11 and 12, P.R.-139 Hanganese-vagnesium-zinc ferrite (MIT
"Lupersol" 101, P.R.-197 samples), V-141,182
tvL-apersol" 130, P.R.-196 Marble S-303, IV-13
"Lustrex" loaded glass msat, IV-41 Marbon, Chemical Div. of Borg-Warner

Corp., IV-38
3-H Copany, IV-63; V-16,17.22; VI-67; 'Marbon" S Thuna S hardboard, IV-52

P.R.-178 "Marbon" S (Code 7206), S-1 (Code 7253),
"3-W' board, P.R.-178 8000 and 9200, IV-38
3-H "Scotchoast" 221, P.R.-178 Marco Chemicals, Inc., now Celanese

MagnesiaCorp. of America, XV-47
)Woak IRTRAN 5, P.R.-67;, 8-11 Marco Resin, "MR"-21C. "MR"-23C, and
HIT, LIR, P.R.-68069 "HR-25C, IV-47
Minneapolis 1Honeyve11, P.R-70,71 "Itarcol," IV-65

Magneit., P.R.-13S Harinite, P.R.-193
HigUSNiua aluminato (spine].), mingle Warkit. Co., V-22,235,236

crystal, Union Carbide, P.R.-66 "PArkit." 3985, V-22p235
* .::.4 tt-orvAo. Coors, 8-12 "Narkite" 12812, V-22s236
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"Marlex" 50, V-10 Methyl alcohol, IV-62
Martin Co., The, VI-57 Methyl cellulose, IV-25
Mass. oans, P.R.-143 Methyistyrene polymer, VI-65
Massachusetts Institute of Technology, Methyistyrene-styrene copolymer, IV-39

Bio-Madical Dept., 8-33 Mica, Canadian, IV-13
Cryogenic Engineering Lab., V-18 Mica, glass-bonded, IV-13,69,106-108;
Crystal Physics Lab., P.R.-38,39, P.R.-153-155

59,63,66,77,78,103-105,106,107, Mica, ruby, IV-13
109 Mica and glass, IV-13,69,106-108; V-7,79

Laboratory for Insulation Research, Mica-filled plastics, IV-16,17,18,20;
IV-1,2,5,11,12,26,37,41-46,62, V-7
64,105; V-1,133-136,138,139, "fMicaramic," V-7
142-158,177,179,180,183-190, "Micarta" No. 254, IV-18
206-216,239,240,243; P.R.-44,61, "Micarta" No. 259, IV-22,68
63,69,93,102,110-114,115,116 "Micarta" No. 299, IV-19,68

Lincoln Laboratory, V-1400141,176, "Micarta" No. 496, IV-18,68,70
178,181,182; VI-30,31 Mica insulator Co., IV-21

Materials Science Department, 9-30 "Millimar," IV-56
Mechanical Engineering Department, Minneapolis-Honeywell Regulator Co.,

9-39,40 P.R.-31,70,71
Metallurgy Department, P.R.-60; Minneapolis-Honeywell magnesium oxide,

8-8,9,10 cezarnic, P.R.-70,71
National Magnet Laboratory (now Minnesota Mining and Mfg. Co., now

Francis Bitter Natil. Magnet 3-M Co., IV-63; V-16,17,22; Vi-67;
Lab.), P.R.-192 PR.-178

Research Laboratory for Elec- Minnesota Mi.aing and Mfg. EC-612, V-17
tronics, 9-30 Minol A, 9-41

National Magnet Laboratory (now "Missileon," V-17
Francis Bitter Natl. Magnet Mitchell-Rand Insulation Co., Inc.,
Lab.), P.R.-192 IV-57-59

Research Laboratory for Electronics, Molding compounds, XM-3, IV-20
9-30 301, V-9.94; P.R.-168

Matheson, 9-25 "Moly-Sulfidea, VI-45
Mathieson Chemical Corp., see Olin Monoisopropyl biphenyl, V-19

Mathieson Monsanto Chemical Co., IV-15,18,20,22,
Mathieson Plactic CY-8 and CQ-10DM, 24,30,36,37,41-43,63,64; V-11,19;

111-41 VI-78-83; P.R.-178; 8-34
Macflonnell Douglas, 9-25 Monsanto L-600 polymuer, 8-34
Meat, IV-6;PR-9 Monsanto 05-45, 03-59, and 05-82, V-19
"Mecoboard," IV-18; V-82-.83 Monsanto polyimide foam, P.R.-176
IMelomine-formaldehyde resius, "Maplea" 004 polypropylene, 8-35

IV-21,22,112; V-8,88 Morse, Herbert B., and Co., V-16,17
Melamine GMO, IV-21170 Mos 20, V-16
Nielmactl 7278 + "Ell glass, IV-22 2800 300, 400, 6060-C, ad 6062, V-17
"Melmac" molding compound 1500, Mullet oil, P.1R.-l97

1502, IV-22,112 Mullite, V-3; hot-pressed, 8-2
"Melmac: resin 592, IV-21 Multifutv glaom, Corning, P.R.-%6
"Melmac " Type 1077 (Ivory WS 48). Rascavite, IV-13

Wv-24 Mycal0" Corp. of Amearica, IV-13; V-7,79;
Mercury compounds, hotprsd P.R.-153-1S5; 9-31

mercurous chloride. P.R.-76 'Mycale'" 4N0, IV-13069
mercuric iodide, P.R.-76 "Myca1.x" 410e, 500, 555, 560, 620,
mercuric sulfide, P.R.-76 PR-5-3

Hst&-dinitrobmnueue, VI-77 "Mycalx"' 1100, 9-31
Hetecrylate reginao XV-34 ,35 "'Myal" 2821, V-13, 106,107

~' "athoel, 1V-5 "ykroy"~ Grada 3 aud 38, IVV43,108
-Ftma, IV-25



Naphthalene, IV-15 Novamont Corp.
Naphthalene, chloro-, IV-64 "Nylon" 66 and 610, IV-23
Narmco Resins and Coatings Co., V-8 "Nylon" FM 10, 001, IV-23,113; V-89
National Beryllia "Carberlox," P.R.-80 "Nylony'-filled plastics, IV-17;
National Beryllia Corp., P.R.-31,41, V-8,12,14,82,83

80; 8-4; 9-25,26
National Beryllia high-purity BeP, Oil, HB-40, IV-63

P.R.-41 Oils, petroleum, IV-65,66; V-19; VI-84,85
National Carbon Co., Inc., V-18; Olin Mathieson Chemical Corp., IV-41; V-20

VI-48-51; P.R.-4,50,51,54-57,66, "Opalwax," IV-58
101, 189; now Div. of Union Carbide "Orlon"-filled plastics, V-8,10,12,14
and Carbon Owens Corning CR-262, 57M, EA63, EA73,

National Lead, P.R.-65 X600, V-6
National Lead LaAIO3 single crystal, Owens-Corning Fiberglas Corp., IV-ll,16,

P.R.-65 22,47,48; V-6,8,13; P.R.-93
National Research Corp., V-3 Owens-Illinois Glass Co., P.R.-93
Naugatuck Chemical, Div. of U.S. Owens-Illinois EE9, EEl0, mixed silicate

Rubber Co., IV-47,53 glass, P.R.-93
Naugatuck Laminating Resin MP and "Ozokerite," IV-58

MT, IV-47
Neoprene GN and compound, IV-53 Panelyte, Grade 140 and 776, IV-17,22
Neptunite, P.R.-129 Paper, Kraft, V-18
Niox polyol, 9-39 Royalgrey, IV-60
"Niberlox" 5, 20, 100, 8-4; S-25,26 Paper leminates, IV-17,19,21023,46; V-80
Nickel ferrite (MIT samples), V-133- Paraffin, natural, IV-58

135,1.42,143,183,209 Paraffin wax 1320 ASTM and 1350 AMP, IV-58
Nickel-lithium ferrite (MIT samples), "Paraplex" P13, IV-48,122

V-137,178 "Paraplex" P43, IV-48; V-12,111
Nickel oxide, single crystal, P.R.-49 "Parowax," V-58
Nickel-zinc ferrite (MIT samples), Particle boards, U.S. Plywood & Evans

V-144-157,184-190,210-216 Products, P.R.-193
Nitrobenzene, IV-64 Pavement, see concrete or asphalt
Nitrobenzene, meta-di, VI-77 "Pelron" 9420, 9422, 9423, and 0424, V-ll
Nitrogen, gas, V-20 Pennsylvania Industrial Chemical Corp.,
Nitrogen, liquid, V-18 IV-39,50
Nitrous oxide gas, V-20 "Poinvernon" glass, 8-20
"Nomex" honeycombs, P.R.-172; 8-41 Pennwalt Corp., P.R.-196
"Nomex" felt, 8-42 Pennwalt "Lucidol," t-butyl perbenzoate,
Nopco Chemical Corp., P.R.-170 P.R.-196
Nopcp Chemical polyurethane foam, Peanwalt "Lupersol" 130, 2,5-dimethyl-

P.R. -179 2,5-di (v-butylperoxy) hexyne-3,
North American Aviation Co., P.R.-196

P.R,-42,43,100 "Penton," V-16
North American Aviation ailicon "Perfluorodihexyl" ether, IV-63

nitride, pyrolytic, P.R.-100 "Permafil," 3256, IV-50
North American Aviation trans- "Permo" potting compound, No.49 and No. 51,

lucent B&O, P.R.-42,43 No. 51, IV-49,51
Norton Co., IV-1,6; V-3,29,49; Petroleum oils, IV-65,66; VI-84,85;

P.R.-31,68 P..-195
Norton 99.5% A1203, P.R.-31 Phenol-anilline-formAldehyde resins, IV-20
Norton 7X, V-3,49 Phenol-formaldahydo resins, W1-15-19,
Norton 17Z, V-3 109-111
Norton HSO single crystal, P.R.-68 Phenol-furfurdehyda resin, IV-19
4 Uoryl" GFH3, SE-i, JER--802, Phenolic, expanded, IV-19

8-32,33 Phnwlic ppter laminate 3-1410, IV-18

58



Phenolic resin with asbestos, Plywood, birch, P.R.-193
V-8 ,84 ,85 fir, P.R.-193
with "Dacron," V-8 Polaroid Corp., IV-35,37,40; V-li
with "Fiberglas," V-8,86,87 Polaroid Resin C, IV-40
with "Nylon," V-8 "Polectron" No. 24, IV-46
with "Orion," V-8 "Policap," V-16

Phenolic spheres, V-12 "Polinel," IV-58
Phenolics, IV-15-20,109-lll; Polyaryl, 9-34

V-8 ,80-87 Polyamide resins, IV-23,113; V-8,12,14,
Philco-Ford Co., P.R.-97,98; 8-5, 82,83,89

14-18; 9-29,40 Polybutadiene, 8-44,46
Philco-KFord boron nitride yarn and Polybutene, IV-59

matrix, 8-5 Polybutyl methacrylate, IV035
Philco-Ford silica fiber composites, Poiy-2-chlorobutadiene-l,3, IV-53

l'XB-0-M, P.R.-98 Polychiorostyrenes, IV-41,42
AS-3DX-176-17, P.R.-98; 9-29 Polychiorotr'ifluoroethylene, IV-31 ,58,63,
AS-3DX, 8-14-18 116; V-10,102,103

Philips Chemical Co., V-10 Polycyclohexyl metbacrylate, IV-35
VPhilips Petroleum Co., V-19; 9-40 Polycyclostyrene, V-11

"Phoresin," IV-48 Polydiallyl phthalate, IV-48; 8-43
Phosphate glasses, IV-9; P.R.-77 Poly-2,5-dichlorostyrene, IV-40,42,70
Picatinny Arsenal, see U.S. War Poly-2,5-dichlorostyrene + fillers,

Department IV-42-45; V-243
"Piccolastic" D-125, IV-39 Poly-3,4-dichlorostyrene, IV-42

K'-"Piccopale," Resin, IV-50 Polyesters, IV-46-48,120-123; V-1.1,12,
Pine board, P.R.-193 13,106-111; B-33,45; 9-34

IRPipestone, V-7 Polyester resin with "Dacron," V-12,110
Pittsburgh Corning Corp., IV-ll; Polyester resin with "Fiberglas,"

V-13, 19 IV-47,48; V-12,13,22,106,107,108
PitLobur~h Plate Glass Co., Polyester resin with aluminum and

P.R,-94; 8-20,21 carbon, 8-33
Plaskon Div., IV-22,23,47,49,123; Polyester resin with "Nylon," V-12

V-112,113 Polyester resin with "Orlon," V-12
"Plaskon" 911, IV4 Polyester resin with phenolic opheres,
"Plaskon" Alkyd 411, 420, 422, 440, V-12

440A and 442, IV-49 Polyether, chlorinated, V-16
"tPlaskon" Alkyd Special, Electrical Polyether sulfanate, 8-47

Granular, IV-49,123; V-112,113 Polyethylene, irradiated, P.R.-161
"Plaskon" mel=- ine, IV-22 Polyethyleno, IV-27,26,70; V-10; P.R.-183
"Plaskon" ura, natural and brown, Polyethylene DE-3401, 1-27

IV-23 Polyethylene (effect of milling), IV-28
"Platicell," IV-31 Polyethyl mathacrylate, IV-35
Plastic Metalso Div. of National "Polyglas" D+0 IV-42

U.S. Radiator Corp., IV-43,44 "Polyglan" M, IV-22
Plastics, Raytheon, PR.-1.80 "Plges + t/4
"Plast-Iron" and plastic mixtures, cePolyglas"t S, TV-26V V-43,44 "Talysuide, P R.-l75
Plate glass, P.1R.-94 Polyftide film. 9-34
VUla Cerp., 0V-35 oyiefaPR-8

"Plexgifis", V-34Polyimide laminate, 8-25
"Pliceno" Cwnit, IV.-56 Polyliron attenuator, PV,.-l67
"Pliobotd" W-190-C.0 IV-52 Pollyisobutylone, Roin 5047-2, IV-28

e"Pliollte" A~ud "Pliolito" GR, IV-51 Polyisobutylene B-1O() + Marbcii B, IVs-28
"Pliolits." S5, S3, SO sWi S6, IV-40 l'olyisobaitylaethacrylate, IV-35
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Polymer Corp., of Pennsylvania, V-17,18, Polyvinylidene fluoride, AVCO,
205,244; VI-66; P.R.-179 P.R.-161

Polymethyl methacrylate, IV-34,70; V-10 Poly-c-vinylnaphthalene, IV-46
"Polypenco" Q-200, 5; VI-66 Poly-2-vinylpyridine, IV-46
Polyphenylene sulfide, 9-40 Polyvinyl resins, IV-27-46
Polyphenylquinoxaline, 8-47 Polyvinyltoldene, IV-37,1l7
Polypropylene, Avisun Corp., P.R.-162, Poly-p-xylylene, IV-37

P.R.-162,163 Porcelain No. 4462, IV-6
Polypropylene, NovanonL Corp., 8-35 Porcelains, IV-6,94-100; V-2,3,5,
Polypropylene, chlorinated, 9-40 21,40,59-61
Polysiloxane resin, IV-26,27; V-9; Porous Ceramic AF-497, IV-6,101

VI-52-57 Porous ceramics, see low-density
Polystyrene, IV-25-37,117 alumina, silica, silicatee
Polystyrene, cast in vacuo and cast Potassium bromide, IV-l; 9-27

in air, IV-37 chloride, V-i
cross-linked, IV-39,40,119; V-11, dihydrogen phosphate, IV-l,73

105; "'1-66; P.R.-181-182; 8-32 Potato chips, P.R.-199
hydrogenated, IV-46 Potatoes, raw, P.R.-199
c-methylstyrene, IV-37,I17 Potato starch, granular and gela

Polystyrene + chlorinated diphenyl, gelatinized, P.R.-200,201
IV-V7 "Primol"-D, IV-66

Polystyrene fibers Q-107, IV-37 Proctor and Gable Co., IV-60
Polystyrene + fillers, IV-41; n-Propyl alcohol, IV-62

V-10,239,240 "Prystal," IV-17
Polystyrene foam, P.R.-188 "Pyralin," IV-25
Polystyrene foam Q-103, IV-37 "Pyranol" 1467, 1476, and 1478,
Polysulfone, P.R.-189; 9-40 IV-63,64
Polytetrailuoroethylene, IV-31-33,70; "Pyrex," IV-10

V-10,104; VI-58-64; P.R.-166, "Pyroceram" 9606, VI-42; P.R.-149
173,174 "Pyrotex," V-8

Polytetrafluoroethylene tape, P.R.-166
"Polythene" A-3305, IV-27,70 Quantum, Inc., P.R.-180
Polytrifluorostyrene, V-11 Quantum Radar tape, P.R.-180
Polyurethane foams, Nopco, P.R.-179 Quartz, fused, IV-11,104; V-6,72,73;

SiLppican, P.R.-188 P.R.-85-88
Upjohn, 8-45 Quartz crystal, natural, P.R.-80,81

Polyurethane rope, 8-26 Quartz fiber, AS-3DX-IR, Philco-
Polyurethane sealant kIN 596927, Ford, P.R,-97; see also silicon

8-39 dioxide fibers
Polyvinyl acetal, IV-34 Quartz sand, powder, P.R.-135
Polyvinyl acetate, IV-33 "Quilorgo" No. '000, IV-13
Polyvinyl alcohol-apetatev, IV-33 "Quinterra," IV-13
Polyvinyl butyral, IV-34
Poly-N-vinylcarbszole, IV-46 Radar tape, Quantum, Inc., P.R.-180
Polyvinyl chloride 1006, 1018, RAybestoe-Hanhattao, Inc., V-8,9

1216, 1406, W-174, W-175, nd Raytheon hf8. Co., V-3; P.R.-32,52,
W-176, IV-30 53,67,100,139,158,180; 8-18,21

Polyvinyl chloride -acetate, IV-28-31 Raytheon A'203, multicrysta], P.R.-32
Polyvinyl chlorido-acetute + boron nitride, pyrolytic, P.R.-52,53

Plasticizer, IV-28,29 magnestum-alumnum itlicate
Polyvinyl chlorides, IV-28-31; V-10; (cordierite cer&mic), P.R.-67

9-33,38 ailicon nitride, ceramic, P.R.-IO;
Polyvinylcyclehaxane, V-46 (-21
Polivinyl formal, IV-34 Raytheon 402B, V-2
Polyvi*ylideno & vinyl chlorida, IV-31 RCA, 9-40
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"Resimene" 803-A, IV-22 "Rytron" R4, 9-40
Resin (polyester), EYONOL, P.R.-166

Resnou Prducs Dv.,see -uh and S-40 and S-60 resins, IV-39
Haas Co. St. Regis Paper Co., Panelyte Division,

"Resinox" 7934, IV-20 IV-17,22
"Resinox" 10231, IV-18,109 Salts, granulated and fine flakes,
"Resinox" 10900, IV-18,ll0 Raytheon, P.R.-158
Resins, natural, IV-55,56 Sand and resin mixtures, see epoxy,
Rex, Corp., IV-40; V-11,105 silicone, etc.
Rex, William Brand, Div. of American Sands

Erika (flow Brand-Rex Co.), desert, P.R.-l43
P. R.-181-183 Holliston, P.R.-144

"Rexolene" P, P.R.-183 MIT, Res, Lab. Electronics, 9-30
"Rexolite" 1422, IV-40; V-105; qiiartz, P.R.-135

P.R.-181 Slattersvville, P.R.-140
"Rexolite" 2101, V-1i soil, IV-14
"Raxolite" 2200, P.R.-18? Sandstone, almond, P.R.-140
Rezolin, Inc., IV-19 "Santicizer" 9, IV-15
"Rhyolite," P.R.-140 Sapphire. V-72; V-1,26-28; VI-1-6;
Robertson, H. H., Co., IV-48,123; P.R.-2-4; 9-24

V-12,19 "Saran" B-115, IV-31
"Rocketon," V-17 Sauereisen Cements Co., V-7
Rocks, see Table of Contents of the Sauereisen Cement No. 1, V-7

P.R. "Scotchcast" 221, P.R.-178
Rogers Corp., V1-59-64; P.R.-184,185 "Scotchply" Type 1001, V-16
Rogers Corp. "Duroid" (1- thici "Scotchply" Type 1002, V-22; VI-67

sheet), P.R.-184 "Scotchply" XPM-107, V-22
"Duroid" 5870 (196), P.R.-185 "Scotch" tape No. 39, V-17

Rogers Paper Mf g. Co., IV-60 Sealtig Wax, Red Express, IV-58
Rolhm and Haas Co., IV-30,34.48, Sealing compound, V-17; 8-39

62,122; V-12,111 "Selectron" 5003 + glass, IV-47
Ropes, plaaitic, 8-26 "Selectron" 5084 mon~omer, V-19

"Royalite" 149-11, 4121982-1 and "Selectron" 5084 resin, V-i3
M212190, IV-53 Selenium, amorphous, IV-13

RTV-11, P.R.-176, RTV-50i, P.R.-168; Selenium, zuIticryatfilline, IV-i
8-36-39; RTV-521, -1602, -5350, Service b-zards, John Manville's,
S-6538, P.R.-178.; RTV, 8-42 F.R.-158

Rubber, but'yl (GR-1), IV-52 Sharples Chemicals Div., Pn. Salt
ERubber, cellular, IV-51 Mf g. Co., IV-63

Rubber, cyclized, IV-51,52 Shawinigan Product. Corp., IV-34
Rubber, GH-S (Buns, S) and campotwd4, Sjheat glass, P.R.-94

IV-52 Shellac, natural Zinfo, pure C garnet and
Rubber, Haesa aM compounds. IV-51 garnet dewaxed, TV-56
Rubber, natural, 111-51 Shel Chemical Corp., tV-5O; V-16,116-125;
Rubber, nitrile, 1IV-53 V.68-76; P.R.-186.187
Rubber, &iiiconot IV-54,5,126; Shell Che~zicai "Epon" 828 + PMA epoxies,

V-127-129, P.R.4177 P.R.-l860187
Rubber flUserve Corp., IV-5l,52 Shell Dovelop~ant Co,, TV-46-48

-ARubidium manganase fluorides Shiii oil Co.., IV-56,66
singla crystal, HIT, GrysUla Uatiiua 120, 125, 15j, '.52, 1L60, 167,

Physics Lab., P.R.-40 SO 1 f54
Rutgers UnraistF,, ScIhoo . ct18,

Caramica, V-4 ' $ V4,126
Rutgera' wallastornita M, V".
Rutle, IV-2,4,77 £1 WX42. V5
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Silasl-:ics (cont.) Silicone dioxide glasses (cont.)
XF6734, IV-55 "Vitreosil," commnercial grade. P.R.-88
7181, IV-55 Silicon dioxide, mixed silicate glasses,
RTV-501, -521, -1602, -5350, see also Glass

S-6538, P.R.-168 Corning Lab. No. ll9BUC, P.R.-89
Silica, IV-ll,103; V-70,71; P.R.-83,84; Corning Lab. Code 1723, P.R.-89

8-12; 9-28 Lancaster 735-, 7357, L1957, L9100,
Silica, slip-cast, Brunswick, PR.-95 P.R.-89-92

P.R.-95 Owens-Corning X004, P.R.-93
Dynasil, P.R. -96 Owens-Illinois EE9 and EElO, P.R.-93

Silica fiber comnposites, P.R.-98,99; Pittsburgh Plate Glass Co., Plate
8-13-18; 9-29 Glass, P.R.-94

Silicate glasses, IV-9,ll,l0l,102; Silicone nitride, ceramic
v-5,62-69; VI-35-43; P.R.-89-094; Admiralty Labs., P.R.-O00
8-19-21; 9-29 AFML, 8-22

Silicon, single crystal, intrinsic, G.E. 128-2, 129-1, 9-30
cubic, MIT, Crystal Physics Lab., Raytheon, P.R.-lOD; 8-21

P.R,-78 Union Carbide & Carbon, P.R.-i01
Silicon, single crystal, undoped, Silicon nitride + berylliumi oxide, 8-4

Brownm University, P.R.-78 Sil'con nitride, pyrolytic, P.R.-l0O
Silicon carbide, multicrystalline, Silicon nitride alloy, V-6,79

Carborundun, P.R.-79 Silicone alloys C-1147 and C-1328, V-.9
Silicon carbide with BeO, Natio-aal Silicone fluids

Feryllia Corp., "Carberlox," P.R.-80 DC XF-6620, V-20
Silicon dioxide, f%'sed, IV-1-l,103; SF96-&'0, IV-67; VI-86,87

V-70,71; P.R.-82-88 SF96-lO0 and SF96-lOGO, IV-67
Silicon dioxide, natural quartz DC200 and DC500, IV-66

mineral, Fort Monmouth, P.R.-80,81 DC550 and DC710, IV-67
Silicon dioxide, ointered, Brunswick Silicone glass leninates, IV-26,27;

7slip-cast, P.R.-95 V-9,93-95,100,101; VI-56,57
Brunswick slip-cast with 2.5% Silicone grease, V-20

Cr2Uj, P.R.-95 Silicone laminste DC2105, V)-9,94
Cornin& Code 7941, P.R.-96 Siliczone laminate fClO16, V-9,95
Corning multiform glass, P.R.-96 Silicone laminates, 8-33
Silica sip-cast, Dynasil, P.R.-96 Silicone molding compound 104-3, IV-26

Silicon dioxide fiberi Siicone resin DC.3Ol, V-9,94
Quartz fiber sample, Phil-Co-Ford, Silicone resin DC996 and DC 23101, IV-146

AS-3DX-lR. P.R.-97 Silicone resins, IV-25-27; V-9;
Silica fiber C"Posites, Philco- VI-52-57j; 8-28

Fcrd l-XB-G-H, P.R.-98 Silicoiie resins with asbestos, V-i,96,91
AS-31)X, P.P.-Q8; 8-14-18; 9-2, Silicone resins with "Fibarglaa," V-9,

Silica fiber compeoiLea, 93-95,98-101; VI-56,57
WIhittaker Corp.. P.1i-99; 8-I Silicone rubber SE-450, IV-55, V-1-27

4-42-44 SE-555. tV-55
Silica fiber, silicone coated, SE9OO, P.R.-177

Uytheon Co. , 8'-16 SE-977, IV-5,; XI-129
Si2icfn dioxide alg~da RTV-1l, P.R,-176

"Amertil"' (cl~r, traualucent)., Silicone rubberso, IV-54,$S,1l 6; V-l17-129;
P.R.-82 P.R.-176-177; 9-37

Gorrning 7940. 1' R.-83 Silicone varniseh, tV-26; V-18
Dyinaoil 4000, P.R.-84; 9-28 Silver iodide, rpsead powder, MIT, Lab.

"Spectrac&' A, P,-88 Sinteed iilico-, dioxid-e, P.R. -93,96
4Spactrosil" B, P.R..-88 Snto, V-3

Giloppica polyttyrone foam, P.R4-188
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Sippican polyurethane foam, P.R.-188 "Styraloy" 22, IV-38
Sippican service boards, P.R.-,58 "Styramic" No. 18, IV-37
Snow, IV-I "Styramic" HT, IV-42,43

Soap, IV-60 Styrene copolymers, crosslinked, IV-39,
Socony Mobil Oil Co., Inc., IV-57,58 40,119; V-11,105

Formerly Socony-Vacuum Oil Co., Inc, Styrene copolymers, linear, Iv-38,39,
Soda siiicate glass, MIT, Lab. Ins. 118,119

Res., P.R.-93 Styrene dimer, IV-64
* Sodium chloride, IV-2; P.R.-103 Styrene N-100, dry and saturated with

Sodium chloride, aqueous solutions, water, IV-64
IV-61 Styrene-acrylonitrile copolymer, IV-38,

"Solithane" No. 1; 3-40 53,118
Southern Alkali Corp., IV-48 "Styrofoam" 103.7, IV-37
"Spectrosil" A, P.R.-88 "Styron" C-176, 411-A, 475, 666 and
"Spectrosil" B, P.R.-88 671, IV-36
Sperry Gyroscope Co.. V-18 Suet, IV-60
Spinel, P.R.-66; 8-12 Sulfur, crystalline, IV-2
Spodumene, P.R.-130-132 sublimed, IV-2
Sponge Rubber Products Co., IV-19, "Supramica" 500; V-7,79

31,52 1100, 9-31
Sprague Electric Co., IV-39 "Sylgard" 182, 184, D92.007, P.P.-168
Spruce Pine Mica Co., V-7 188, 8-27
Stanco Distributors, Inc., IV-65,66 Syncor Products Co., V-6
Standard Oil Co. of N.J., IV-58 Synthetic bas.lt, P.R.-139
Standard Oil Development Co., see

Enjay Co., Inc. "Tam Ticon" B, BS,C, MC, snd S, IV-4,5,43
Steak, b-ef, IV-60; P.R.-199 "Tam Ticon" T-S, T-L, an d T-M, IV-4
Steatite bodies, IV-3,4,78-87; Tantalum oxide, ceramic, Ciba powder,

V-4,55-57; VI-34; P.R.-72-74 fired at Lah. Ins. Res., MIT, PR.-108
Steatite Body 7292, IV-4,83 Taylor Fibre Co., IV-18,27,111
Steatite Type 303, 400, 410, and Taylor Grade GGG, IV-18,111

452, IV-3,b4-87 Grade GSC and GSS, IV-27
Steatit-Magnesia A.G., P.R.-32,74 Tea, powder, P,.R--202
Steatit-Magnesia A-18, P.R.-32-33 "Tedlar," 8-28
Steatit-Magneeia Frequenta M, PR.-74 "Teflon," IV-31-33,70; V-24,104; VI-58-64;
Sterling Varnish Co., The, V-18 P.R.-173-174
Starling M50 varnish on paper, V-18 "Teflon" 9033, P.R.-l74
Strontium fluoride, single crystal, "Teflon" FEP (1963), P.R.-173

MIT, Crystal Physics Lab,, P.R.-I "Teflon" TFE (1964), P.R.-173
P.R.-106,107 "Teflon" TEF-7 (1964), P.R.-173

Strontium titanate, IV-5 "Tef Ion" TFE-6C (1964), P.R.-i73
Strontium titan..a and plastic "TefIon" T-100, P.R.-17:

mixtures, IV-43 "Teflon" lOOX, P.R.-174
Stupakoff Ceramic and Mfg. Co., "Teflon" TFE 7A, 8-29

IV-6,101# V-3,4,50 51 PFA TE9704, 8-29

Div. of the Carborundum Co. TFE FEPIO0, 8-30
Stupakoff 1MO0, V-3,51 "Teflon" + calcium fluoride, IV-32; V-iC

1540, V-3,50 "Tefloni"-coated membrane, 9-32
1542E, V-3 "Teflon" fiberglas laminaves
1542P, V.-3#50 GB-112T; IV-31,32; V-104; P.R.-164
1550, V-4,50 FLUORLAS E, P.R,-16?

"Stycast" IK, LoK and TPM-3) V-11 Duroids, VI-62-64; P.R.-184,185
"Stycast" 2651-40RQ, 8-40 Custom, 9-36
"Stypol" ibB re.oiu, IV-46,123; V-110 "Taflon"-fuled qvirt laminate, 9-40
"Stypc'l" 16C r oni, IV-48 "Taftelo" 9-40
"Stypol" 16D resiu, IV-48; V-12 Tellite Corporation, P.R.-188Tellite 3A, P.R.-188
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"Tenite" I 008A H2, N1, M, MH, S, rnd "Tritonal," 9-41,42

and S4 , IV-24
Tennessee Eastman Corp., 1V-24 UDP 333 Liquid, P.R.-197-

Tennessee Marble, Inc., IV-13 "Ultron" Wire Compound UL300, UL1004,

Teresso V-78, P.R.-195 and UL24001, IV-30

Terphenyl, meta-, nona-, ortho-, and Union Carbide & Carbon Corp., V-18;

para-, IV-15 P.R.-4,50,51,54-57,66,101,1
80 ,181;

Terphenyls, chlorinated, IV-64 9-24,26,27,42

Tetrachloroethylene, IV-62 Union Carbide boron nitride,

Tetra alkyd silicate easter, V-19 hot-pressed, Grade HD0056, HD0086,

Texas Instruments, infrared HDO092, HD0093, HDO094, TIBN, HBR,

windows TI-20, TI-1173, 8-43 P.R.-54-57

Thallium bromide, IV-2,75 HBC, 9-26,27

Thallium bromide-chloride, IV-2,75; cold-pressed, P.R.-57

P.R.-109 pyrolytically deposited,

Thallium-bromide-iodide, IV-2,76; "Boralloy," P.R.-50,51

P.R,-109 pyrolytic laminate, P.R.-54

Thallium chloride, V-I; P.R.-109 Union Carbide magnesium aluminate

Thallium fluoride ressed powder, (spinel), P.R.-66

P.R.-109 Union Carbide "Polysulfone," P.R.-189

Thallium iodide, IV-2,74; P.R.-109 Union Carbide sapphire, P.R.-4; 9-24

Thermal American Fused Quartz Co., Union Carbide potassium bromide, 9-27

P.R.-88 Union Carbide siliccn nitride,

Thermoplastic Composition 1766 EX ceramic, P.P.-l01

and 3738, IV-58 Union Carbide R-63 Vaznish, V-18

3767A, IV-59 Upjohn, 8-43-45

Thiokol Chemical Corp., IV-54; 9-40 Urea-formaldehyde resins, IV-23

"Thiokol" Tupe FA, PRI and ST, IV-54 U.S. Army Egineering Research and

Thorium oxide, ceramic, Zircoa, Dev. Lab., Fort Belvoir, Va.,
P.R.-11O,112 IV-2,74-76; VI-77

MIT, Lab. Ins, Res., P.R.-1I3,114 U.S. Army Res. and Dev. Labs., Fort

Thymol,9-36, 37 M onouth, N.J., P.R.-80,81

TI Pure R-200, IV-4 U.S. Bureau of Fisheries,

Ttanat*i ceramics, IV-5,6 mullet oil, P.R.-197

Titania and titanium bodies, IV-4-6, U.S. Ceramic Tile Co., see Dia4monite

88-93 Products Div.

Titanium Alloy Mfg. Div., National U.S. Gasket Co., IV-32,33

Lead Co., IV-4,5,42,43 U.S. Industrial Chemical Co., IV-b2

Titanium dioxide, rutile, IV-2,4,77 U.S. National Bureau of Standards,

Titanium dioxide ceramics, IV-4,5 IV-40; P.R.-20

Titanium diozide + plastic taixturas, U.S. Peroxygen Division, Argus Chemical

IV-33,42 Corp., P.R.-197

Tobe Deutschiann, VI-78-83 U.S. Peroxygen USP 333 Liquid, P.R.-197

Toluene aulfonamides, mixtures of U.S. Polymeric Chemicals, Inc., V-9

ortho- and paraiaomors, IV-15 U.S. Rubher Co., IV.-31,40,52,53,56

Topaz, P.R,-133,134 U.S. Sonles, P.R.-75

"Torion" 7000, 4 00, 4103, 4103, U.S. Sorics magaesium tita-,na,

9-32,33 multiCry~tal, P.R.-75
TournalintA, P.R.-.-34 U.S. Stonevmre Co., The, V2,I

"Transil"' Oil 1OC, IV-65 VI-20,21+ P.R.-34,35

Srihlorobenzenes, miature of iso- U.S. Szooevare -kl'03, A-212, A-216, A-312,

,aric, !V-64 610, Std. 3050F P.R,-34,35

Trichioroupkhthalenes, mixture of U.S. Par Dpartmaut, Picatinny Arsenal, IV-15

iscmric, IV-64 IV-15; 9-41,42
Uranium oxl.e powder, 5-31

IV-15; 9-41,42 Uratlue, see polyurettaue
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Vanadium oxide, pressed powder, P.R.-ll4 Ytterbium ferrite, VI-28-31
Varnished glass cloth, V-l8 Yttrium oxide, ceramic, Zircoa,
Varnished linen tape, V-17 P~i. -.116
Varnished paper, V-l8 Yttrium oxide, single crystal, MIT,
"Vaseline," IV-65 Lab. Ins. Res., P.R.-115
"Vibron" 140 and 141, IV-40
Victor Chemical Works, IV-48 Zinc ferrite (MIT samples), V-158
Vinyl film, 9-33 Zinc-magnesium-manganese ferrite
"Vinylite" QYNA, VG-5544 and VG-590l, (MIT samples), V-141,182

IV-28 Zinc-nickel ferrite (MIT samples),
"Vinylite" VG-5904, VYHI, VYNS, and V-144-157

VYNW, IV-29 Zinc oxide, single crystal, Airtron
"inylite" VU-1900, IV-29,70 Div., Litton Industries, PR.-117
2-Vinylpyridine-styrene copolymer, Zinc selenide, 8-22

IV-46 Zinc sulfide, 8-23
"Vistawax," IV-59 Zineser, Win. and Co., IV-55,56
"Viton," 8-30 Zircoa ceramics:
"Vitreosil," commercial grade, "C," P.R.-118

P.R.-88 Thorium oxide, P.R.-ll0-112
"Vitteosil," optical gr~de, P.R.-88 Y-790, P.R.-64
VUL-CUP, P.R.-196 Y-904, P.R.-l1t9

Y-1362, P.R.-120,l21
F W allace & Tier~nan, Inc., P.R.-197 "Zircolite," ceramic, P.R.-122

Wallace & Tiernan "Lupersol" 101, Zi.con, P.R.-1)23-125
2, 5-dimethyl-2 .5-di (t-butyl- Zirconia,

peroxy) hexane, P.R.-197 Zircoa "C,"' Y-904, Y-1362.
War Dept., Picatinny Arsenal, see P.R.-118-121

U.S. War Departmnnt "Zircolite," P.R.-122
Water, conductivity, IV.-61 Zirconium oxid~e ceramics, see Zirconia
Wax 3760, IV-59 Zirconium silicate (zircon),

1~x omoud -590 and No. 1340, ceaiI-6,94,9S; V-5,59-61l
IV-59 single crystal, P.R. -252

Wax S-1167 and S-1184, IV-59 "Zitex," P.R.-106
Waxes, IV-56-59; V-16,17 Zophar Hills, Inc., IV-59
Weber, fletvmnn, and Co., IV-51
"Wesgo" AL-.300, V-4,52
"Wesgo" A1-~L1009, V-.4
Western Cold & Platinum Worka,

V-4,52; P.R.-36,37 xe
Veatern Gold & Platintim alumiiwm oie

AL-300, AL.-300 (Uodified), Ale-400,
AL-~500 (muntiuryst.), AL-995,
AL 1009, P.R.-36,37

Westinghouse Electric Corp., losesarh
Labo. , IV-l8, 109,22

lUhitttar Corp., V*R.-99; 8-.13,45-47;
* 9.42-44

Whittaker silica fiber comot.tes,
P.R.-99; 9-42-44

A* Witco Chemic-4 Co., 8-47
Wollatbiteh V-4oo,8 picn .~-9

.. Wood, IV-59; P.R.-193

. fir plywood, $ippiian, P.PL.-193
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